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BeeaeHue

Ulupokoe npumereHue 3neKmpuyeckoll 3Hep2ulU 8 HOPHE U3MEHUO

8CI0 Yenoseyeckyio yusunusayuio. OHo no3sonuno sHedpums me-
XaHU3aUUI0 NPaKmuyecKy 80 Bce cepsl deamensHOCMU Yenosexda,
asmoMamu3uposams U 8Hedpums uesbili pa0 MexHON02UYECKUX
Npoyeccos 8 NPOMbILINEHHOCTIU, HA MPAHCNOPME, 8 CENLCKOM XO-
3aiicmae u 6bimy, OCHOBAHHbIX HA HOBbIX NPUHYLINGX, YCKOPAIOUWLUX,
ob6e24aoWux U yoewesngiouwux NPoYecc NoAyIeHUs OKOHYamenb-
HO20 NPOOYKMa, a MaKx)e co30ams KoMpopm 8 NPoU3BOOCMBeHHbIX

U XUNbIX NOMelyeHUnx.

IneKTpuUYeCcKan SHeprua KapaAuHanbHO M3MEHuna npou3-
BoacTBO. Ee yHuKanbHOoe cBOWCTBO nepexoguTe B ppyrue
BAAbLI 3JHEpPruM Bcerpa cYUTanocb ¢PU3INYECKON OCHOBOW
TEXHUKKU OyAylero W, Npexae BCero, NEKTPOTEXHUKU W
INEKTPOIHEPTETUKN, KOTOpbIe ye B Havane XX B. ctanu
HavyanoM HayyHoO-TEXHUYecKol peBontwounn. N cosceMm ym
Hepapom nepsble WarWw B o6nacTu 3neKTpoTexHuku 6binu
Ha3BaHbl «KOMOCCANbHON pesoNoUNein».

be3 3nekTpu4eckon 3HEpPruu HEBO3MOMHO NPEeACTaBUTH
HOPManbHYIO XWU3Hb cOBpeMeHHoro obulectBa. OHa ucnonb-
3yeTCA NpWU 3Kcmyatauuu abconiloTHO Bcex ObITOBbLIX Mpu-
60poB: XONOAUILHUKOB, CTUPANbHBIX MAWMNH, OCBETUTENbHbIX
nNpM6oOpoB, YTIOrOB, MUKPOBONHOBLIX Neyed, KOMNbLIOTEPOB,

TeENeBU30poBs " 1. A.




BeeaeHve

PA3IBUTWE SNAEKTPO3HEPIMETUKU SIBASIETCS OCHOB-
HbIM YCAOBVEM TEXHUNHECKOIO COBEPWEHCTBO-
BAHUSI NPON3BOACTBA N HAYHHO-TEXHUYHECKOIO

NPOIMPECCA, TAK KAK SHEPIM NS SAEKTPUHECTBA OBAA-
AAET YHNBEPCAAbLHLIMW CBONCTBAMW

= /\o6ble BUALI SHEPM A (TENACBAS), 3TOMHIST, MEXSHNHECKas!, XM~
HEeCKas), AYHINCTas), SHEPIUS BOAHOMO NOTOKAE) Aerko NpeobpasyioT-
C51 B SAEKTPUHECKYIO, 1, HBOBOPOT, 3AEKTPUHECKS) SHePringl AerkO
MoxeT DblTb NpeBpa30BaHa B KaKOM-TO ARYIOV BAA SHEPrVN.

= IAEKTPOIHEPIUIO MOXHO NepeAdBaTb NPaKTUHecki Ha Aoboe pac-
CTOSIHME AOCTATOHHO ASlIeBbIM CNOCOOOM — NOCPRACTBOM AVHWUIA
SAEKTponepeAaH.

" SASKTPO3HEPrUist ABrKO ABAUTCS Ha AoBble HacTW (MOWIHOCTE IAeK-
TPONPUEMHMKOB MOXET BblTb OT AOAEH BATT3 AO ThICSH KMAOBATT).

= [1pOUeCChl NOAYHEHS, Nepesaq N NOTPEDAEHSI SARKTPO3HEPT N
MOMKHO NPOCTO W 3hPEKTUBHO aBTOMaT3NPOBATb.

* YnpaeneHye NprbopamMi, 8 KOTOPbIX CNOAL3YETCS SAEKTPOIHEP IS,
OBbIYHO O4EHb NPOCTOE (HAXATUE KHOMKW, BbIKAIOHATEAS 14 T. 1),

= DAEKTPOSHEPrMIO B K3KOM-TO CMEICAE MOXHO OTHECTU K SKOAOM -
HECKW SUCTOM SHeprv, HTO B 3H3HUTeABHOK Mepe cnocobcTayeT
CO3AHNIO KOMPOPTHBIX YCAOBWIA H3 NPEANPUSITSIX U1 8 ObITY.

= K QUCAY HEMHOMX HEAOCTATKOB SAEKTPUHECKOM SHepr OTHOCUT-
CS1 HEBO3MOXKHOCTE €€ 33N3CaTk HA KaKOM-TO AAUTEABHEIA CPOK.
MO3TOMY SAEKTPNHECKas 3HEPrns) AOAKHS OkiTs NPpon3BeseHa TOr-
A3 N B TAKOM KOAUHECTBR, KOMAS W1 B KBKOM KOAHecTBe ee TpebyeT

BCSI HEBEPOSITHO CAOXKHAS MHPPACTPYKTYPA LIBALIX MOCYA3PCTH.




BeeaeHue

C nomowpio 3neKTpoaBuraTeneil pasnn4HbIX MexaHu3mMos
3MEeKTPUYECKAn 3Heprua npeobpa3syeTcA B MexaHUYeCKylo.
KpoMe TOro, 3neKTpUYECKYI0 3HEPruI0 WUPOKO WCNONb3Y-
0T B TEXHONOTWYECKUX YCTAaHOBKax ANA Harpeea u3penui,
nnasneHus MeTannoBs, CBAPKYW, INEKTPONN3]A, AIA MONYYEHUS
Nna3mbl, HOBbLIX MaTe€pUaNosB C NOMOLWbIO INEKTPOXUMUN, ANA
OYMCTKM MaTepuanoe u rasoe W T. 4. be3 anexkTpoaHepruu
HeMbicMMa paboTa COBpEMeHHbIX CPefCTB CBA3U — Tene-
rpaga, TenedoHa, paano, TeNeBUAEHUA, KOMNBIOTEPHOW Tex-
Huku, UHTepHeTa. bes Hee HEBO3MOXHO Gbino 6Gbl pasBuTHe
KMBEPHETUKM, BLIYUCAUTENLHON U KOCMUYECKOW TEXHUKM
U T. . INEKTPOIHEPTUA ABAAETCA CeiMYac NPAaKTUUECKU efuH-
CTBEHHbIM BUAOM 3HEPIUU ANA UCKYCCTBEHHOMO OCBELWEHUS.
C 2neKTpO3HEpreTMKOW HanpAMylo CBA3aHbl HOBble o6GnacTu
Pa3BUTUA TeXHUKU (MarHWTHAA MogyuKa AAA TPaHCNOPTHBIX
CPeacTs, 3NEKTPOMarHUTHBIE HACcoChl ANA -NepeKaynBaHUs
HMUAKNX MEeTannos U T. n.).

INeKTPULECTBO OKPYMXAeT Hac NoBclogy, W 3TOT akT 3a-
CTaBnAeT Kaxaoro 4yenosexKa TaK UNU UHAYe CONPUKACaTbCA
C npobnemamy, CBA3aHHLIMU C UCNONBL3OBAHUEM Pa3NUUHBIX
INEKTPUYECKUX cucTeM, [TO3TOMY Mbl JONKHBI 3HATb 00 3nek-
Tpuyectse 6onbWe, HEXENU NPOCTO YMETb CMEHWUTL NPobKu
MM BKPYTUTL NaMNoyky. Heo6xoauMMo NoHMMaTL 3aBUCUMOCTD
MEX/Y TOKOM, HanmpsXHEHUEM W MOLHOCTLIO, NPEeUMYILecTBa

N HeAOCTAaTKU NepeMeHHOro TOKa.




HemMHOro 13 anexTpoTEXHUKA

HemHOro
3 INEKTPOTEXHUKU

INneKmpuyecmso CMano HeoMbeMAeMbIM AMPUBYMOM KU3HU

cospemeHH020 Yenogeka. C KawObiM GHeM MHOMAMCA cambie
pasHoobpasHxsie anekmpuyeckue npubops u ycmpolicmad, pas-
BUBAIOMCA PA3/IUYHBIE CUCMeMb! KU3HeobecnedeHus Yenosexa,
UCNOAIL3YIoLiUe INeKMPUYECKYI IHeP2UID: CUCMeMbl OMOoNaeHUs
U KOHOUYUOHUPOBAHUA B030YXd, PA3NUYHbIe ycmpolicmsa Me-
XAHU3QUUU U A8MOMamMU3ayul, CucmeMsl UHGPOPMAYUU U CBA3U
u m. 0. Ocobyio aKmyanbHOCMb UCNOM6308AHUE 3NEKMPO3Hep-
2UU NOAYYUNO0 8 CBA3U C OypHbIM pa3sumuem uHOUBUOYaNLHO20
cmpoumenscmea. (ospemerHblid OoM BYHBANLHO ONYMAH Cembio
3/1€KMPUYECKUX NPOBOCOB U HAWNU208AH 02POMHBIM KOAUYe-
CMBOM CaMbIX HeBepoAMHbix npubopos u ycmpolicms. B amux
YCAI08UAX NOHUMAaHUe xoms 6bl 31eMeHMapHbIX NPoYeccos,
KOmopsie NpomeKawm 8 nposodax u ycmpoicmaax, N UHOUBU-
dyansHo20 nompe6umens 3NeKMpuyecKol 3Hepeuu CMAHOBUMCA

HacywHol Heob6x00uMOCMbi0.

IAeKTpU4ecKnin TokK

B nepsyio ouyepeab CTOUT BCMOMHUTL, YTO 3NEKTPUHECKUIH
TOK — 3TO YNOPAAOYEHHOE ABUEHUE 3apPAXEHHBbIX YacTuly

B NpoOBOAHUKE. Y106l OH BO3HUK, cneayer npegsaputenbHo




SAeKTPUHECKNIA TOK

co3aTh 3NEeKTpUYECKoe Nnone, Noj AeNCTBUEM KOTOPOro 3Tu
3apAXEHHbIE YaCTUUBl NPUAYT B ABUEHME.

Mepsblie cBeaeHUs 06 aneKTpUYECTBE, NOSBUBLIKMECH MHOTO
CTONETUI Ha3aj, OTHOCUAUCH K INEKTPUYECKUM «3apafamy»,
MoNyYeHHbIM NOCPEACTBOM TPEHUA. Yie B myOOKOA ApeBHOCTH
JIIOAM 3HANU, YTO AHTapb, NOTEPTLIA O WepcTs, Npuodpetaet
cnoco6HOCTb NPUTATUBATL slerkue npeameTsl. Ho TONbKO B
koHue XVI e. anrauiickuit Bpay umnnsbept nogpobHo uc-
CnepoBan 3T0 ABNEHUE W BLIACHWA, YTO TOYHO TaKUMMU Ke
cBoiicTBamu obnagaloT U MHorvwe apyrue sewecrsa. Tena,
cnoco6Hble, Nopo6HO AHTApIO, NoCcNe HaTUPaHUA NPUTATUBATL
Nerkue npepMmeTbl, OH Ha3Ban Ha’dNEKTPU3OBAHHbIMU. ITO
cnoBo 06pPa3loBaHO OT rPevYeCcKOro 3/IEKTPOH — «AHTapb».
B HacToAwee BpeMA Mbl rOBOPMM, YTO Ha Tefax B TaKOM
COCTOSIHUU MMEIOTCA INeKTPUYeCKMe 3apafbl, a camu Tena
Ha3bIBAIOTCA «3APAMEHHBIMU»,

CoBpemMeHHOW Teopuel, 0O6BACHAIOLEN CTPOEHUE BeLLecTBa,
ABAAETCA INEKTPOHHas Teopus. CornacHo 3ToW Teopuu BCe
Tena COCTOAT U3 MeNbYalMX 4YacTul, Ha3blBAEMbIX Mone-
KynaMmu, pasmepbl KOTOPbIX U3MEpPAITCA CTOMUANUOHHBIMU
DONAMU CaHTUMeTpa.

Monekyna — 370 HaMMeHblanA YacTULa BeWeCTBa, KOTOPYIO
MOHO OTAEAUTb OT Tena M KoTopas obnajaer BceMu CBOW-
CTBaMM, NpuUCywnMun 3Tomy Teny. Tak, Hanpumep, Monexkyna
wene3a obnapaer Bcemu CBONCTBAMKU Menesa, Monekyna
BOAbl — CBOMCTBaMMW BOAbI U T. . Monekynsl, B CBOI Ouye-

peab, COCTOAT U3 ele 6onee Menkux 4acTuy, Ha3sblsaeMmblx
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atomaMu. Yucno atoMOB B MONEKyNnax pa3nU4YHbIX BEWECTB
W CTPpOEHWEe MONEKYN pa3NUyHo.

Ecnu Mmonekynbl Kakoro-uubyab Tena COCTOAT U3 OpvHa-
KOBbIX aTOMOB, TO TaKoe Teno Ha3bBaeTca NpocTbiM. lpu-
MepamMu MNpoCTbiIX TEA MOryT CAYXUTb Mefb, Xene3o, cepa,
KUCnopoj, BOAOPOA M T. A.

Ecnu monekyna BeujecTsa COCTOUT U3 HECKONbKUX PA3IUUHbIX
No csoemy CTPOSHUIO AaTOMOB, TO TeNO, COCTOALWee U3 TaKUX
MONEKYN, Ha3blBAETCA CNOXHbIM. MoneKynbl CNOMXHbIX Ten 06-
pPa3yioTCA U3 PasNUYHbIX COYETAHUI aTOMOB MNPOCTbIX Ten.

Monexyna Bopgbl, Hanpumep, COCTOMT U3 ABYX aTOMOB
BOAOPOAA W OAHOro atoma kucnopopa. [Ba npocTbiXx Te-
Na — BOAOPOA W KWUCNOPOA, — B3ATbIX B ONpefeneHHOM
coyeTaHuu, o6pasyioT coxHoe Teno — sogy. Unn, Hanpumep,
MONieKyna CepHOM KMCNOTbl, PacTBOp KOTOPOM UCMONb3yeTCA
B KaYecTee 3/1eKTPONINTA KUCNOTHBIX aKKYMYNATOPOB, COCTOUT
13 fAByX aTOMOB BOAOPOAA, OAHOrO0 aroMa cepbl U YeTbipex
aToOMOB Kucaopoaa.

Jonroe BpeMA yyeHble CYUTANU aTOM HEQeNUMOW 4YacTu-
ueft, U AMwWb B Havane XX B. yaanocb onpeaenutb B o6WmMX
yepTax BHyTpeHHee cTpoeHue atoMa. K HacToAweMy BpeMeHun
CTpOeHWe aToMa M3y4YeHO AOBOJILHO MyboKo.

YcTaHoBNeHo, uTo atoM nwboro BewecTsa COCTOWUT U3
AApPa W BPaLlAOWMKUXCA BOKPYr HEr0 NO 3aMKHYTbIM KPUBbIM
(opbuTam) OQHOW UMK HECKONbKUX MENbYaMIMX YacTUL, Ha-
3blBaeMbIX 3NeKTpoHamu, Kamablii 3aneKTpoH atoma obnagaer

OYeHb ManbiM INEKTpUYeCKUM 3apaaom.




IAKTPUHECKNA TOK

Hanpumep, atom sogopopa COCTOMT U3 AApa M Bpawalo-
uwerocs BOKPYr Hero OAHOr0 3neKTpoHa. flapo aroma, B
CBOIO OYepeab, COCTOMT U3 MPOTOHOB M HEWTPOHOB. 3ITU
YacTMLbl HAacTONbLKO YNNOTHEHbLI, 4TO 06beM Afpa BO MHOr0
pa3 meHble obbema camoro aTtoma.

Alapo atoMa, Kak M 3NeKTPOHbl, 06nafaeT 3NeKTpUYECKUM
3apagom. [MpUYUHON ITOMY ABAAIOTCA NPOTOHbLI, BXOAA-
wMe B COCTaB Afpa M WUMeKLMUe TaKue Xe NO BeluyuHe
3NeKTpUYecKne 3apaabl, Kak U 31eKTpoHbl. HO NpPOTOHLI, B
NMPOTUBOMONOMHOCTb INEKTPOHAM, MANOMNOABUMHbLI, MAacca WX
NO4TM B ABe ThicAYM pa3 Gonble Macchl IneKTpoHa. YacTu-
ua He#TpOH, BXOAAWAA B A4PO aTOMa, HE MMEEeT HWUHKAKOro
3NEKTPUYeCKOro 3apaga, T. e. OHa HelTpanbHa.

Takum 06pa3oM, 3NEKTPOHLI, BpallaloWMecs BOKPYr faapa
aroMa, W NpOTOHbLI, BXOAAWME B COCTAB AAPA, ABAAKOTCA
HOCUTENIAMU PaBHbLIX NO BeNUYUHE 3IEKTPUYECKUX 3apAA0B.
YcraHoBNEHO, 4TO MeXAY INEKTPOHOM WU NPOTOHOM BCEraa
DeiCTBYeT CUAA B3aMMHOTO NPUTAXEHUSA, @ MEXAY 3NeKTpPo-
HaMU, TaK Xe Kak U MeMay NpoToHaMW,— cuna B3aUMHOTO
OTTaNKUBaAHUA,

B cuny 3atoro pasnuumna ycnoBUAUCHL CYNUTATL, YTO SNEKTPOH
obnapaer oTpuuarenbHbiM 3NEKTPUYECKUM 3apAAOM, a Npo-
TOH — NONOXKUTENbHBIM,

CnepoBarenbHO, CYWECTBYIOT KaK Obl IBa poga 3neKTpuye-
CTBA — NOMIOKUTENLHOE U OTPULLATENLHOE, O YEM NIOAN 3HANK
330110 A0 OTKPLITUA INEKTPUYECKOTO TOK3, HO NMPaBUIbHO

0OBACHNTL 3TOF0 HE MOMU.




HeMHOro na asnekTpoTexsuk

Hanuune B atoMe pasHOWMEHHO 3apsXKeHHbIX 4acTuy
NPUBOAUT K TOMY, YTO MEXAy NONOXKUTENbHO 3aPAXMEHHbIM
AAPOM aToMa W BpaLLalOWKUMUCA BOKPYr HEro 3ieKTpoHaMu
AEeACTBYIOT CMAbI B3aUMHOTO MPUTAXEHUA, CKpenasiolme
atom B OfiHO uenoe.

Yem e OTAMYAITCA OfMH OT APYroro atoMbl Pas3fuUyHbIX
BewecTs? Paznuune aToMOB COCTOMT NPEXAE BCEFO B PA3HOM
KONUYECTBE NPOTOHOB U HEMTPOHOB B UX AAPaxX, B CuUny
Yyero HeofWMHAKOB W NONOMUTENbHLIW 3apaa AfAep aToMoB
pa3nuuHbix Bewects. Konnyectso Bpauwlaiowmnxca 31eKTpo-
HOB y aTOMOB Pa3/IMyHbIX BEU\eCTB TaKe HEeO[WHAKOBO U
ONpepenfeTcs BeAMYMHON NONIOKMTENbHOIO 3apsaa AAapa.
HaKoHel, y aTOMOB OAHUX BELECTB INEKTPOHbI NPOYHO CBA-
3aHbl C AfPOM, B TO BPEMA KAK Yy aroMOB ApPYrux BeuecTs
3Ta CBA3b 3HauuTenbHo cnabee.

B arome nio60oro sewectsa KONUYECTBO 3NEKTPOHOB, Bpa-
WaloWmxXCcA BOKPYr AAPa, PaBHO KONUYECTBY NPOTOHOB, COAEp-
wawuxca B aape. TaK Kak 3NeKTpuyeckue 3apaabi 3NeKTpoHa
¥ NPOTOHA paeHbl NO. BenuduHe, TO oBwUiA (CyMMaPpHbIA)
oTpuuaTencHbld 3apaj 3NeKTPOHOB paBeH MONOKUTENbHOMY
3apafy AApa. 3TW 3apapabl B3auMHO ypaBHOBELWWBAOT Apyr
Apyra, B pe3ynsTaTe Yero Cam aToOM He UMEET 3/IeKTPUYECKOoro
3apana, T. e. ABAAETCA HENTPaNbHbIM.

B Kawpgom aroMe 3/1eKTPOHbI COCTaBAAIOT BOKpPyr sfpa
060n104Ky, KOTOpYIO MPUHATO Ha3blBaTb 3NEKTPOHHOW 060-

noykoi. flgpo atoma BMeCTe C OKpyMalowen ero 3NeKTPOoH-




SAeKTPUHeCKUiA TOK

HO 060N0YKOW HAXOANTCA B HENPEPLIBHOM KonebatenbHoMm
BBUXEHUU.

Mpu pBMIKEHWM aTOMbI CTAaNKMBAKTCA APYFr C ApPyrom
N 0T HUx oTpewatoTca (BbLINETAOT U3 SNEKTPOHHOU 060-
NOYKKU) OAMH MAM HECKONbKO 3NEKTPOHOB. B 3ToM cnyuae
aToM nepectaer ObiTh HEATPaNbHLIM U CTAHOBUTCA NOJMOXKU-
TENbHO 3apAKEHHbIM, TAK KaK €ro NONOXUTENbHbIA 3apag
cran 6onbwe oTtpuuarensHoro. OfHaKO Takoe HapyleHue
INEKTPOHHOW 0OONOYKM NPOUCXOAUT ¥ aTOMOB TONLKO Tex
BEWECTB, Y KOTOPbIX 4pe3eblyaitHo cnaba cBA3b Meway
AQPOM W 3neKTpoHaMu. K TaKuM BewecTsaM OTHOCATCA BCe
MEeTan/ibl U yrofib, B MPOTUBOMNONOKHOCTL LPYIUM TBEPAbIM
TenaMm, TakKUM KaK [epeBO, CTeKNo, 3060HMT, y KOTOPbIX
CBA3b 3NEKTPOHOB C AAPOM aTOMa HACTONLKO MPOYHA, YTO
B OBbIYHBIX YCNOBMAX HApYWEHWA INEKTPOHHbIX o6onoyek
He MpOoUCXOAUT.

OTopBaBWwKecs OT aTOMOB 3/IEKTPOHbLI HA3bIBAIOTCA CBO-
60nHbIMU 3neKTpoHamu. CBobogHble 3neKTpoHbl, Gecnops-
AOYHO [BUranch B MeXAYaTOMHOM NPOCTPAHCTBE, YacTUYHO
3axBaTbIBAIOTCA APYrMMK aroMamy, NOTEPABUUMU TalKe B
pesynsrare CTONKHOBEHWI CBOW 3eKTPOHLI. BaameH 3nekTpo-
HOB, 3aXBayYeHHbIX atomamu, 06pa3ytoTcA HoBble CBOBOAHbIE
3NEKTPOHbI.

Takoi Npouecc NOABAEHUA U UCYE3HOBEHUA CBOOOAHbLIX
3NEKTPOHOB B Tesie NPONCX0AUT HenpepbisHo. C yseauyeHn-

eM TeMmnepatypbl Tena CKOPOoCTb KonebaTenbHOro ABUEHUA

1
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aToMOB BO3pacTaeT, CTOKHOBEHUA UX Mexay co6oil yyaula-
IOTCA UM CTAHOBATCA CUJibHEE, B pe3ybTare Yero KONMYecTso
cBOGO/HbIX 3/IEKTPOHOB B Tene ysenudusaerca. OaHako, He-
CMOTPA Ha yBeIMYEHUE KONUYecTBa cBOBOAHbLIX 3NEKTPOHOB
BHYTPU Tena, OHO He NoJyyaeT 3NEKTPUYECKOro 3apsaa, Tak
KaK obuee (CymMmapHOe) KONWYeCTBO 3NEKTPOHOB W Npo-
TOHOB B TeNe He MEHSAETCA, U TeNO OCTaeTCA INEKTPUYECKU
HeWTpanbHbLIM,

Ecan kakum-au6o ob6pa3om ypanuTb M3 Tena HekoTopoe
KONYECTBO CBOBOMHBIX 31@KTPOHOB, TO 06WMIi (CyMMapHbIii)
NONOXUTENbHLINA 3apag ero 6yaer Gonblie cymMMapHOro oT-
pUUaTenbHOro 3apaga W, CnepfoBaTeNbHO, TeN0 OKaMeTCA
3apAKEHHbIM nonoxuTensHo. W, Haobopot, ecnu Teny npu-
6aBuTb HEKOTOPOE KONWMYECTBO 3/IEKTPOHOB, TO OHO NOAYUUT
oTpuuatencHbil 3apag. Mpu 3ToM Kak ypaneHue w3 Tena
3NEKTPOHOB, TaK M COO6WEHNE eMy MX U3BHE COBEPLIEHHO
He W3MEHAEeT CBOWCTB Tena, 1 OHO OCTAeTCA TOYHO TaKuM,
Kakum 6b1n10 fo coobueHus emy 3apapa.

WUTaK, ecan B Tene co3paeTca HeROCTaTOK 3NEKTPOHOB, TO
OHO 3apAXaeTCA MNONOMMUTENIbHO, €CAU e M3BbLITOK — OoT-
puuaTtenbHo, NpudeM, 4em Gonblie U3BLITOK MU HEeaOCTaToK
3MEKTPOHOB B Tene, TeM 60/bWUM INEKTPUYECKUM 3apAfoM
310 Teno obnapaer.

B HeKOTOpbIX Tenax 3neKTpu4ecKue 3apaabl MOryT cBo60gHO
nepeMellaTbCa MeXAY Pas/NYHLIMU YACTAMMW, B APYrUX Me
3TO HEeBO3MOXHO. B nepBom cnydae Tena Ha3biBalOT NPOBO-

AHUKAMWN, 2 BO BTOPOM — AWNINEKTPUKAMU UNU U3ONATOPaMU.




Pa3HOCTb NOTeHUMaNnoB

poBoAHMKaMW ABNAIOTCA BCE METanibl, BOAHbIE PACTBOPSI
conei U kucnot v ap. Npumepamm M3ONATOPOB MOTYT CAy-
XWUTb AHTapb, KBapu, 360HWUT U BCe ra3bl, HaxopAlWMeca B
HOPManbHbLIX YCNOBUAX.

Tem He MeHee HYXHO OTMETUTb, YTO AeneHue Ten Ha npo-
BOAHWKU U [U3INEKTPUKM BecbMa yCNoBHO. Bce Bewecrsa
B 6ONbweRn MAU MeHbweid cTeneHU NPOBOJAT 3EKTpUYe-
CTBO.

B camoM npocTOM cnyvae 3IneKTPUYEeCKU TOK BO3HUKaeT
Npu coeguHEeHUU NPOBOAHUKOM HAINEKTPU3OBAHHOro Tena
c 3emnei. Tavoro pofa TOK npocyuwecTByeT Hegonro, no-
TOMY YTO B Ha3/I€KTPU3IOBAHHOM Tefe KOH4YMTCA 3apaf. [na
NPOAOMKUTENLHOMO CyLECTBOBAHWA 3/IEKTPUYECKOr0 TOKa B
NpoBOJHUKE HEOOXOAUMO MOCTOAHHO MOAAEPHMBATL pa3-

HOCTb NOTeHuuanos.

Pa3HOCTb NOoTeHUManoB

MU3BecTHO, 4TO OAHO TENO MOXMHO Harpets 6onblue, a
apyroe MeHbwe. CTeneHb HarpeBa Tena Ha3biBaeTca ero
Temnepartypoi. Mogo6HO 3TOMY OAHO TENC MOXHO Hasnek-
Tpu3osaTh Gonblwe apyroro. CTeneHb 3nekTpusauuu Tena
XapaKTepu3yeT BeNWYUHY, HA3bIBAEMYIO 3/EKTPUYECKUM
noTeHuManom.

Mpu 3TOM Teno, 3apsMEHHOe NOoNOXUTENbHO, obnajaer
NONOMUTENbHLIM NOTEHUMANOM, a TeNo, 3apaAMeHHOe OTpu-

UartenbHo, — OTpULaTeIbHbBIM NMOTEHUUANOM.




HemMHOro U3 aAeKTpoTeEXHUKN

Pa3HoCTb ypoBHEN INeKTPUYECKUX 3aPAAOB ABYX Ten nNpu-
HATO Ha3biBaTb Pa3HOCTbIO INEKTPUYECKUX NOTEHUNANOB UK
NpOCTO Pa3HOCTbIO NMOTEHLMANOB.

Chnepgyer umets B BUAy, 4TO €CNU ABa OAMHAKOBLIX Tena
3apAXeHbl OHOMMEHHbIMW 3apaAaaMu, HO OaHO OGonble,
yeM fapyroe, TO MeMay HUMU TaKKe OyaeT cywectsoBatb
pPa3HOCTb NOTEHLMANoB.

Kpome TOro, pasHocTe NOTEHUMANOB CyWeECTBYeT MeWAay
OBYMA TAaKMMKU TENaMU, OHO U3 KOTOPbLIX 3apAXEHO, a Apyroe
He uMmeeT 3apApa. TaK, Hanpumep, ecnu Kakoe-nubo Tteno,
VM30N1MPOBAHHOE OT 3e@MAK, UMEeeT HEeKOTOPbIA NoTeHuuMan, To
pa3HoCTL NOTEHUMANOB MeXAY HUM M 3emneil (noTeHuwan
KOTOPOW NPUHATO CYUTaTb PABHLIM HYNIO) YUCNEHHO paBHa
noTteHuuany 3Toro Tena.

Wrak, echu fgBa Tena 3apameHbl TakuMm obpa3oM, uTo
NOTEHUUaNbI UX HEOOWHAKOBLI, MEXAYy HWMU HeudbemHo
cywecTByeT pa3HOCTb NOTEHLWanos.

Pa3HOCTb NOTEHUMANOB MOXET BO3HUKHYTL HE TOALKO
MeX(Y ABYMA 3apAMEHHBLIMW Tenamu, HO U Mexay pa3nud-
HbIMYW YacTAMK (TOYKaMKU) OQHOro U TOro Xe Tena.

Tak, Hanpumep, paccMOTPUM, 4TO NPOU3ONAET B KYCKe Mefd-
HOI NPOBONOKU, €CAUN Nof NeNCTBUEM KaKOoW-N1Mbo BHewHedn
CUNbI HaM yRacTcA cBOBGOAHbLIE 3MEKTPOHLI, Haxogswuecs B
NpOBOJIOKE, NepeMecTuTb K OfHOMY KOHLUY ee. OyeBUaHO, Ha
APYrom KOHUEe NPOBOIOKYU MONYYUTCA HEAOCTATOK INEKTPOHOB,
M TOrga MeMay KOHUAMW NMPOBOJIOKM BO3HUKHET pa3HOCTb

noTeHywnanos.




IAEKTPOABIKYLLAS CUAS WM HaNpsDKeHVe

CrouT HaM npeKpaTtuTL AeACTBME BHEWHEN Cuibl, KaK
3NEKTPOHbI TOTYAC Me, B CUNY MPUTAKEHUA PaIHOUMEHHbBIX
3apAanos, YCTPEMATCA K NPOTUBONOAOXHOMY KOHULY NpOBO-
NOKW, 3apsKeHHOMY nonoxutenbHo Bo3HuKaer anexTpuye-
CKWI TOK, KOTOPLIK ByAeT NpUCYTCTBOBATL A0 HACTYNNEHUR

INEKTPUYECKOro pasHoBecun.

INEKTPOABMKYLLASI CUAS
n HanpsbKkeHune

Ona noppepMaHuA 3NEKTPUYECKOro TOKa B MPOBOAHUKe
HeobOX0AUM KaKOW-TO BHEIHWUA UCTOUHUK 3HEPruu, KOTOPbLIA
8Ce BpeMs noafepmusan 6bl pa3HOCTL NOTEHUMANOB Ha
KOHL@aX 3TOr0 NPOBOAHMKA.

TavMMKU WUCTOMHUKAMKU 3HEPrUU CAYXKAT TaK Ha3biBaeMble
MCTOYHUKM INEKTPUYHECKOro TOKa, 0bnaaaowme onpeaeneHHomn
3NEeKTPOABMMKYILEHA CUNOKA, KOTOpas co3faeT U AnUTENbHOE
BpPEMA MNOAAEPKWUBAET PA3HOCTh NMOTEHUWANOB Ha KOHLAX
NpPOBOAHUKA.

InekTpoaBuXylWaa cuna (CoKpaweHHo 3Ac) 0603Ha-
yaetca Gykeoi E. EguMHuueil u3meperus 3AC CRYHUT
BOALT. Y Hac B CTpaHe BONbLT COKpaleHHO obo3HavaeTcA
6ykeoi V«B», a B MmexpayHapoaHom ob6o3HayeHun — Oyk-
BOM «V»,

Wrak, ytoBbl NONYYUTL HENPEPLIBHOE TeYeHWe 3NeKTpU-
4YEeCKOro TOKa, HYWHA 3NEKTPOABUNKYILAA CUNa, T. €. HYMKEH

UCTOYHUK INEKTpUYECKOro ToKa.
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HeMHOro U3 aneKTpoTexHUKU

MepBbIM TaKMM MCTOYHMKOM TOKa 6bii TaK Ha3biBaeMblit
«BOALTOB CTON6G», KOTOPbLIA COCTOAN U3 pAAA MedHbIX U
LUMHKOBBIX KPYXKOB, NPOMIOXEHHbIX KOMEN, CMOYEHHOW B
noakucneHHoi soge. Takum ob6pa3om, ofgHUM U3 cnoco6oB
NONyYEHUA 3NEKTPOABMUMYLIEN CUNbI ABNAETCA XUMUYECKOe
B3aUMOfEeNCTBUE HEKOTOPbIX BEWECTB, B pe3ynbLTarte 4Yero
XMMUYECKAA JHEpPrusa NpespalaeTca B SHEPrui0 ANeKTpuye-
CKyl0. MCTOUYHMKM TOKa, B KOTOPbIX TAKUM NyTEM CO3jaerTcs
3N1eKTPOABMMYLAA CUNA, HA3LIBAIOTCA XMMUYECKUMU UCTOY-
HUKAMU TOKa.

B HacToAuee BpeMA XUMUYECKME WCTOYHUKM TOKa —
rajbBaHU4YECKWE 3NEMEHTBl M aKKYMYAATOpPbl — LWUPOKO
MPUMEHAIOTCA B JNEKTPOTEXHUKE W 3EKTPO3HEpreTuKe.

[pyrum 0CHOBHbLIM UCTOYHWKOM TOKA, NOAYYMUBLIUM WHPO-
KOE pacnpocTpaHeHWe Bo Bcex 061acTAX 3/IEKTPOTEXHUKN W
3NeKTPO3HEepPreTUKH, ABJIAIOTCA reHepaTophl,

[eHeparopbl YCTaHABAMBAIOTCA HA INEKTPUYECKUX CTaHLUUAX
MU CAYXaT eAUHCTBEHHBLIM WCTOYHMKOM TOKA AJ1A MUTAHUA
3MEKTPO3HEPr1en NPOMbIWNEHHbIX NPEANPUATMIA, INeKTpUYe-
CKOTO OCBeWEeHWA rOPoA0B, SNEKTPUYECKNX XeNle3HbIX AOPOT,
TpaMBas, MeTpo, Tpoanenbycos u T. Aa.

Kak y XMMMYECKUX WCTOUYHWUKOB INEKTPUYECKOTO TOKa
(3neMeHTOB U aKKYMyNATOPOB), TaK W Yy reHepaTopos Aeil-
cTBME 3NEKTPOABUMYILEH CUAbl COBEPWEHHO OOWHAKOBO,
OHO 3aKnio4aeTcs B TOM, YTO 3AC CO3JAET Ha 3aMuMax wc-
TOYHUKA TOKA pPa3HOCTb NOTEHLMANOB WM NOAAEPHKMBaEeT ee

AnNUTENbHOE BpPEMA.
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IAEKTPOABWKYLLAN CUAS U HaNpsHkeHne

3TM 3aXWUMbl Ha3bIBAIOTCA NONIOCAMU UCTOYHUKA TOKa.
OpuMH NONKC MCTOYHMKA TOKA WUCMNbITbIBAEeT BCerAa Hepo-
CTaTOK 3N1eKTPOHOB W, cnefoBaTenbHo, obnanaer nonomm-
TENbHbLIM 3apAAOM, APYroW NONKC UCNbLITbIBAET WU36LITOK
3N1eKTPOHOB W, cnefoBaTtenbHo, o6nagaer oTpULaTenbHbIM
3apagoM. CoOTBeTCTBEHHO 3TOMY OAMH NONIOC UCTOYHWUKA
TOKa Ha3blBAETCA NONOMUTENbHbLIM (+), APYroW MNPUHATO
Ha3blBaTb OTpUUATENbHbIM (—).

NCTOYHMKM TOKa CaywaTr ANA NUTAHUA INEKTPUYECHUM
TOKOM pasnuyHbix nNpubopos — noTpebutened ToKa.
MNoTpe6buTenn ToKa npu NOMOWMW NPOBOAHWUKOB COEAWHA-
IOTCA C NOAOCAMWU UCTOYHUKA TOKa, ob6pasys 3aMKHYTYIO
3NeKTpUYecKylo uenb. Pa3HOCTb noTeHuwanos, KOTOpas
YCTAaHABNUBAETCA MeMJy NONICaMU UCTOYHUKA TOKA MpH
3aMHKHYTOW 3NEKTPUYECKON Lenu, Ha3bliBAETCA HaTpAMEHK-
em. Takum obpa3om, ecin B LENU HET HaNpAXEHUA, HeT
U TOKa.

HanpsxeHue o6o3Havaerca bykeon U, a ero eguHunuen us-
MEpeHUs, TaK Me KaK W 3AC, CNYXKUT BoasT. [inA Toro 4tobsl
U3MEPUTb HanpAXeHWe, NPUMEHAIOT INeKTPOU3IMepUTENbLHbIN
npubop, Ha3biBaeMblil BONLTMETPOM. CBOMM BHEWHUM BUAOM
OH HanoMuHaeT paHee YNOMWHABIWWMWACA aMmMnepMeTp, C TOW
AMWb pasHUUER, YTO Ha WKane BOAbTMETpPAa cTouT Gyksa V
(BmecTo A Ha amnepmeTpe). BonbTMeTp uMeeT gBe KAEMMb,
€ MOMOLULbIO KOTOPbIX OH NapannenbHo BHIKYAETCA B JMeK-

TPUYECKYIO Lenb.




HemHOro na asnekTpoTexHuKn

KoAan4ecTso aneKTpn4ecTsa 1 CUAG
TOKad

DeiAcTBMA 3neKTPUYECKOTrO TOKa MOMyT ObiTb CUMIbHBIMU
unu cnabeimn. Cuna AeicTBUA 3NEKTPUYECKOrO TOKA 3aBM-
CUT OT BeNWYMHbl 3apAfa, KOTOPbIH NpOTeKaeT No uenu 3a
onpeaeneHHy0 eauHuLy spemeru. Yem Gonble 3neKTpoHOB
NepemMecTUNoch OT OJHOMO NONIOCA UCTOYHUKA K APYIOMY, TEM
6onbwe 06wt 3apsa, nepeHeceHHbIN neKTpoHamu. Takon
obuwuit 3apAn Ha3bLIBAETCA KONUYECTBOM 3/IEKTPUYECTBA,
NPOXOAALLEro CKBO3b NPOBOAHMUK.

Cunoit ToKa Ha3biBaeTCA BeNMYMHA, KOTOpas paBHa OT-
HOWEHUIO 3NEeKTPUYECKOro 3apsfia, Npowefgwero 4vepes
nonepeyHoe ceyeHWe NPOBOAHUKAE, K BPEMEHU €ro npo-
TekaHuA. EpuHnueld u3mepeHun 3apsfa ABNAETCA KyYIOH
(Kn), spema u3mepsetca B cekyHpaax (c). B 3tom cnyvae
eauMHuua cunbl Toka Bolpawaetca B Kn/c. Takyio eguHuuy
Ha3biealoT amnepom (A). ina Toro ytobbl M3IMepuTh cuny
TOKa B LieNW, NPUMEHAIOT 3/IEKTPOU3IMEpPUTENbHLIA npubop,
Ha3lblBaemblid amnepmeTpoMm. [AnA BKNOYEHUA B UeNnb aM-
nepmeTp cHabxeH AByMa KnemMmamu. B uens ero sraiovaior

nocneposaresibHo.

3NeKTpu4ecKkoe conpoTUBAEHne

MNocne noaknwoyeHUa B INEKTPUYECKYI0 uenb BCEBO3MOM-

HbIX MPOBOAHNKOB N aMnepMeTpa MOXHO 3aMeTUTb, YTO Npu




SneKTpuHeckoe ConpoTUBAeHne

MCNOMb30BAaHUKU Pa3HbIX NPOBOQHUKOB amnepmeTp BbiaaeT
pa3Hble NOKa3aHuA, T. €. B 3TOM cliyyae cvna ToKa, UMEelo-
WAACA B JIEKTPUYECKOW Lenu, pa3Han. 3TO ABNEHUE MOXHO
06BACHUTL TEM, YTO pa3Hble NMPOBOAHWKKU WMEIOT pa3Hoe
3IeKTPUYECKOe CONPOTUB/IEHUE, KOTOpoe NpejcTaBAAeT Co-
6o dusuueckylo sennuuny.

Hemeuxuin pusuk feopr Om (1787—1854) akcnepumeHTans-
HO YCTAHOBUN, YTO CUNA TOKA I, TeKywero No oAHOPOAHOMY
MeTannuMyecKoMmy npoBogHUKY (T. €. NPOBOAHUKY, B KOTOPOM
He NelCTBYIOT CTOPOHHME CUALI), MPONOPLUMOHANLHO HANpA-

weHuo U Ha KOHUAX NpOBOAHMKA:
I=U/R,

rae R — 3neKTpuuyecKoe COnpoTUBAEHUE MPOBOAHUKA.

310 ypasHeHMe sBbipaxaer 3akoH Oma gnAa yuvacTka
uenu (He copepxawero UCTOYHUKA TOKA): Cuia TOKa B
NPoOBOAHNKE NPAMO NPONOPUNOHANLHA NPUAOKEHHOMY Ha-
npsyeHunio U 06paTHO NPONOPUUOHANbHA COMPOTUBAEHUIO
NpoBsoAHMKaA.

YyacToK uenu, B KOTOPOM He AENCTBYIOT 3AC (CTOpPOHHME
CUAbL), Ha3bIBAIOT OJHOPOAHBIM YYACTKOM LENU, NOITOMY 3Ta
¢dopmynmpoeka 3akoHa.Oma cnpaBegnusa aia OQHOPOAHOIO
yJyacTka uenm

EAMHULY W3MepeHUs DJNEKTPUUECKOro CcOornpoTUBfeHUs
Ha3sann Omom. Kak npaeuno, B GU3UKE NPUMEHAIOTCA
60nee KpynHble eauMHUUbl: Kunoom, meraom u np. Co-

nporueneHne NpoBoAHUKA 3aBUCUT OT ero AANHbI — L,




HemMHOro 13 aneKTpoTexHuku

naowaau nonepeyHoro ceyYeHuna — Sn marepuana npo-
BOAHWKA. B 3ToM cny4yae MOXHO conpoTuBiaeHUe 3anuncartb

8 Buae dopmynsbl
R=p xL/S,

rae Ko hULUMEHT P HA3bLIBAETCA YAENbHbIM CONPOTUBAE-
HueMm Matepana NpoBOAHWKA. [aHHbIA KO3IPDUUMEHT Bbi-
paxaeT CONpOTMBAEHUE NPOBOAHMKA ANMUHOI B 1 M npu
nnowaan nonepevyHoro ceYyeHun, paBHon 1 M2, YpenbHoe
conpoTtuBneHue BbipaxaeTca B OM x M. MNocKoabKy npo-
BOAA, KAK MPaBWUNO, UMEIOT JOBOJILHO Manoe CevyeHue, TO
06bIYHO UX NAOWAAN BbIPAXKAIOT B KBAAPaTHLIX MWanMe-
Tpax. B 3Tom cnyyae eguHULed yAENbHOTO CONPOTUBEHUA

cTtaHeT OM x MMZ/M,

YaenbHblie CONPOTUBAEHHUA HeKOTOpbIX MaTepuasnoB

Marepuan p, Om x M3 /m

Meab 0,017
3onoTo 0,024
JlatyHb 0,071
Onoso 0,12
CeuHey, ' 0,21
Cepebpo 0,016
ANIOMUHUN 0,028
Bonbdpam 0,055
Heneso 0,1

Hukenun (cnnas) 0,40
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SAeKTPU4ecKan eMKOCTL

Oxonyanue mabnuys!

Marepuan p, OM x M3/m
NnatnHo-upuaueBsint cnnas 0,25
lpacpur 13
Yrons 40
®apodop 1019
I60HUT 1020
Metann unu cnnas
MaHranuH (cnnas) 0.43
KoHcTautaH (cnnas) 0,50
PryTb 0,96
Huxpom {cnnas) 1,1
®expans (cnnas) 1,3
Xpomens (cnnas) 1,5

M3 atoin Tabnuubi cnepyert, 4To cpeaM NPOBOAHMKOB ca-
Moe manoe yaensHoe 3N1eKTpUYecKoe conpoTUBAEHUE UMeeT
meab, camoe Gonbwoe — cnnaebl MeTannos. Marepuans,
obnapawume TakUM 60NbLWUM YAENbHLIM CONPOTUBNEHNEM,
KOTOpOe NpenAaTcTByeT NPOTEHAHWIO TOKa, HAa3blBAKTCA AU-

INEKTPUKAMU NN U30NATOPAMU.

IAeKTpU4eckas eMKOCTb

Mbi yKe 3HaeMm, yTo gBa M30AUMPOBAHHBIX APYr OT Apyra
NPOBOAHMKA MOryT HaKannuMBaTb 3AEKTPUYECKUE 3apsgbl.
370 sABneHWe xapakrtepuiyeTcA (PU3NYECKOWU BeNUYWUHOW,
KOTOPYIO Ha3BaNM INEKTPUUECKOW EMKOCTbIO. INEKTPUYECKan

eMKOCTh fIBYyX NPOBOAHUKOB — HE 4TO UHOE, KAaK OTHO-
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HeMHOIro na aneKTpoTexHuKn

weHue 3apaaa OQHOr0 M3 HUX K Pa3HOCTU NOTeHuWanos
MeXAY 3TUM NPOBOAHWUKOM U coceiHUM. Yem meHbwe Oyaer
HanpaXeHue Npu NonyYyeHuu 3apafa NPOBOAHUKAMU, TEM
60nblWEe UX EMKOCTb. 32 eAUHULY 3NEKTPUYECKON €MKOCTH
npunumatot ¢dapap (P). Ha npaktuke ncnonb3yloTca Ao-
N paHHoW epuHuubi: mukpocgapap (Mk®) u nukodapan
(nd).

Ecnu B3aTb ABa W30/MMPOBAHHLIX APYr OT Apyra NpoBO-
AHUKA, PasMecTUTb UX Ha HebBOoNbWOM PacCTOAHWUW OAWH OT
APYroro, To NONYYMTCA KOHAeHCcaTop. EMKOCTb KOHaeHcaTtopa
3aBUCMT OT TOALWMHLI €70 NAACTUH W TONWMHBI AUINEKTPUKA
M ero NPoOHULAEMOCTU. YMeHblaa TONWUHY AWMINEKTPUKA
MENAY NNACTUHAMMU KOHJEHCATOPa, MOXHO HAMHOTO YBENYUTh
eMKocTb nocneaHero. Ha Bcex KoHwpeHcaTopax, NOMMMO WX
eMKOoCTH, 06A3aTeNIbHO YKAa3bIBAETCA HaNpAXEHMNeE, Ha KoTopoe

paccyMTaHbl 3T YCTPOiiCTBa.

INEKTPOMarHMTHas UHAYKUUA

B nepsoit nonosune XIX B. aHruickuit pusuk M, Gapapeii
OTKpbIN ABAEHWe MarHUTHOW uHAyKUuMU. OH yCTaHOBUA, 4TO
eCcnNu NoMecTUTb B MAarHUTHOE none NPOBOAHUK U nepeMellaTh
€ro TaK, 4To6bl OH NpY CBOEM ABUKEHWUM NepeceKan CuNoBbie
JIMHUM NONSA, TO B NPOBOJHUKE BO3HUKHET 3NEKTPOABUIKYLLAA
CWNa, Ha3biBaeMas 3AC UHAYKUMK,

JAC MHAYKLUM BO3HMKHET B NPOBOAHUKE U B TOM Chyyae,

ecn caMm nNpoBOAHWUK OCTaHETCA HEeNOABWXHbLIM, a nepe-
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IAEKTPOMBrHUTHAN UHAYKLINS

MewarbcA OyaeT MarHUTHOE none, nepeceKkas NPOBOARHWK
CBOUMU CUNOBLIMU NUHUAMU.

Ecnu npoBOAHWK, B KOTOPOM HAaBOAUTCA 3AC UHAYKUWK,
3aMKHYTb HA KaKylo-1u60 BHEWHK Lenb, TO Noj AeACTBUEM
3TOM 34C NO Uenu noTeyeT TOK, Ha3biBaeMblil UHAYKLNOHHbIM
TOKOM.

flBneHne MHAYKTUPOBAHMA 3AC B NPOBOAHUKE NPU nepece-
YEHUU ero CUNOBLIMU NUHUAMU MATHUTHOMO NONA HA3biBAETCA
3NEeKTPOMArHUTHON MHAYKLMEN.

JneKTpoMarHnTHaa UHAYKUMA — 3TO oBpaTHbIi npolecc,
T. @, NpeBpauleHne MexaHUYeCKOW 3Hepruu B 3SneKTpuye-
CKyl0.

flBneHne 3NEKTPOMarHMTHOW WHAYKLUWU HAWNO WUPO-
Yalwee npuMeHeHue B dnekTpoTexHuke. Ha ero umcnonb-
30BaHWM OCHOBAHO YCTPOWCTBO Pa3NUYHBIX INEKTPUHECKHUX
MaWMmuH.

INeKTPOMArHUTHAA UHAYKLUMA MOABNAETCH TaKKe B He-
3aMKHYTbIX NpoBOAHUKAxX. B ToM chyyae Koraa NpoOBOAHMK
nepeceKaer MarHUTHble CUIOBLIE NUHUW, Ha €ro KOHUax
BO3HWKAeT HanpsxeHue. [IpUYUHONA NOABNEHUA TaKOro Ha-
APsYEHWUA CTAaHOBUTCA 3AC UHAYKUMWU. Ecnu marHuTHbIR no-
TOK, NPOXOAAWMIA CKBO3b 3aMKHYTb!It KOHTYP, HEe MEHAEeTCS,
WHAYKUMOHHBIA TOK He NnoAsffeTCcA.

BennuunHa u HanpasneHue NHAYKTUPOBAHHON B NPOBOJHUKE
3AC 3aBUCAT OT HECKONbKUX (aKTopoB:

® KOAMYecTBa CMNOBLIX NTUHUIA NOAA, NepeceKallmux nNpo-

BOOHUK B €AUHULY BpEeMeHu;
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HeMHOro 13 sAeKTpoTexH1Ku

® CKOPOCTU ABUXXEHMA NPOBOJHUMKA B MArHUTHOM none;

® ANUHbI TOW YacTU NPOBOAHWKA, KOTOPAA NepeceKaeTcs
CUNOBLIMU IMHUAMM NONS;

® CUNbl CaMOro MarHUTHOrO NONA.

Cnepgyetr NOMHUTbL, YTO B NPOBOAHMKKE, Nepemellalouemcs
B MarHUTHOM None, 3AC UHAYKUUN BO3HWKAET TOJbKO B TOM
cnyvae, ecau 3TOT NPOBOAHWK NEepecexaeTcs MArHUTHbIMU
CMNOBLIMWU RUHUAMKU nona. Ecnv e npoBofgHMK nepeme-
WaeTca BAONb CUAOBLIX NMHUIA NOAA, T. €. He nepecekaerT,
a KaK Obl CHOMb3UT NO HUM, TO HWUKAKOW 3A4C B HEM He
WHAYKTUPYeTCA. .

NHAYKUMOHHBIKA TOK, Tak Xe kak u nioboi apyroi, umeer
3HEPruio. 3HauuT, B CNy4ae BO3HUKHOBEHUA UHAYKLIMOHHOTO
TOKa NOABNAETCA 3InekTpuyeckas 3Heprua. CornacHo 3awo-
HY COXpPaHEHWA U NpeBpalleHUA IHeprum, BbILEHA3BaAHHAS
3HEePrMA MOMET BO3HMKHYTb TONbKO 3@ CYeT KoAuyecTsa
3HEPrun Kakoro-nubo Apyroro Buaa 3Hepruu.

MoMumo uHAYKUUKM, B NPOBOAHUKE, NO KOTOPOMY Teyer
TOK, BO3HMKAeT ABNEHME TaK Ha3blBaeMOW CaMOUHOYKLWM.
Deno B TOM, YTO NPOBOAHUK C TEKYWMUM NO HEMY TOKOM
obnapaetr CoOCTBEHHbIM MArHUTHBIM NONEM, KOTOpOe Me-
HAETCA NpU U3MEHeHUW CUNbl TOKa. A ecnu uilMmeHsercs
MarHUTHbIA NOTOK, NPOXOAAWMIA Yepe3 KaTylKy, TO B Hel
BO3HUKAET 3NEKTPOABMKYWAA CWUNA, KOTOpas Ha3blBaeTcs
3AC caMOUHAYKLUUU.

JAC CaMOMHAYKUMM MpWU 3aMmbiKaHWUW Uenu NpenaTcTByeT

cune ToKa U He paet el BO3pacrarb. an BbIKNIOYEHUU Uenun




PaboTa 1 MOLWHOCTH SAEKTPUYECKOro TOKa

3AC CaMOMHAYKLUM, Ha0GOPOT, NPOTUBOAEACTBYET CHUMKEHUIO
cunbl ToKa. B Tom cnyyae, Korga cuna Toka B MPOBOAHUKE
[OCTUraeT ornpeaeneHHoro NOCTOAHHOIO 3HaYeHUn, MarHuTHoe
none nepecraeT U3MEHATLCA U 3AC CaMOMHAYKUMM Npuob-
peTaeT Hynesoe 3HayeHMue.

Kak roBopunoch Bbllwe, gnA CO34aHUA B NPOBOAHUKE 3AC
MHOYKUMM HeobXOAMMO mnepeMewaTb B MarHUTHOM mnoje
MAN CaM NPOBOAHWUK, UAN MArHUTHOe NOAE OKONO MPOBO-
AHUKa. B ToM 1 apyroMm ciyd4ae NpoOBORHUMK [OJIKEH nepe-
CEKATbCA MAarHUTHLIMM CUNOBLIMW NUHUAMMU NOASA, WUHaue
3AC MHAYKTUPOBaATLCA He ByaeT. UHAYKTMPOBaHHYIO 3AC, a
CNeAoBaTeNlbHO, U WHAYKUMOHHBIA TOK MOXHO NOAYYUTHL He
TONbKO B NPAMOAUHEAHOM NPOBOAHMKE, HO U B NPOBOAHMKE,
CBWUTOM B KaryllKy, YTO MO3BONSAET B 3HAYUTENLHOW CTeneHu
YBENUUUTL €ro ANUHY U KONUYECTBO Y4aCTKOB, OAHOBPEMEHHO
nepeceKamowWwnx CUNOBLIE IUHUMK,

Takum 06pasom, Npu ABUMEHUM BHYTPU KATYILKW MOCTO-
AHHOrO MarHWTa B HEW MHAYKTUPYETCA 3AC 3a CYeT TOro,
UTO MarHUTHbIA NOTOK MarHWTa nepeceKaeT BUTKU KaTyIWKK,
T. €. TOYHO TaK Xe, KaK 3T0 6blA0 NpU ABUMEHWUMW NPAMO-

JNIMHEWHOro npoBOoAHUKA B NOJie MarHura.

PaboTa 1 MOWHOCTbL IAEKTpU4ecKkoro
TOKd

N3 BblWecKa3aHHOro MOHATHO, 4YTO BHEKTPMLIECKMIZ TOK

cosepwaeTt onpegeneHHyil paboty. Mpu noakiYeHUM




HemMHOro na asneKTpoTexHuKi

3NEKTPOABMUraTene 3NeKTPOTOK 3acTaBaseT paborarh Bce-
BOo3MOXHOe o6opynoBaHue, ABMraeT No penbcaM noesga,
ocsewaer ynuubl, oborpesaer Xuauule, a TaKKe Npou3so-
AMT XUMUYECKoe BO3AleCTBUE, T. . NO3BONAET BLINONHATH
3anekTponus M 1. A. MoxHO cKka3atb, 4To pabora Toka Ha
onpefeneHHOM Y4YacTHKE LenuM paBHa NPOU3BEREHUI0 CU-
Nbl TOKA, HanNpsMEeHWs W BPeMEeHU, B TeuyeHWe KOTOoporo
cosepwanacb pabota. PaGota u3aMepseTcA B AMOYNAX,
HanpsxeHue — B BOALTax, CMnNa TOKa — B aMnepax,
BpeMA — B cekyHAax. B cea3m c atum 1 ik = 1 B x
x 1 A x 1 c. N3 3Toro nonyyaercs, ANA T0ro 4tobbl u3-
mepuTb paboTy 3NeKTPUYECKOro TOKa, ciefyeT 3afeicTso-
BaTb Cpa3y Tpu npubopa: amnepMerp, BOALTMETP U 4achl.
Ho 3to rpomosgko u manoagpdektusHo. MosTomy 06biYHO
paboTy 3NeKTPUYECKOro TOKa 3aMEPAIOT 3INEKTPUYECKNMU
cyeTyuMkamu. B ycrpoirctBe gaHHoro npu6opa nmeloTca ece
BbllWEHA3BaHHbIE NPUOOPHI.

MOWHOCTb INEKTPUYECKOTO TOKA paBHa OTHOLIEHUIO PaboTh!
TOKa KO BpeMeHM, B TeyeHue KOTOPOro OoHa COBepllanach.
MouwHocTb 0603HauaeTca ByKeoi P 1 BuipaXaerca B BarTax
(BT). Ha npakTuKe MCNonb3yioT KWNOBATTLI, MErasarTbl, rex-
TOBaTTLl U Np. AnA Toro 4toGbl 3aMepuTb MOWHOCTL LEnw,
HY)XXHO B3ATb BATTMETP. JNEKTPOTeXHUKU paboTy TOKa Bbl-
paxaioT B kunoBatT-4acax (kBru).

OTkpboiTua OMa umenu orpomHoe 3HayeHWe KaK ANA
pa3sBuUTUA y4eHUA o6 3InekTpuyecTse, Tak U ONA Pa3BUTUA

ﬂpMKJ'laﬂHOﬁ INEKTPOTEXHUKN. Ouwn no3eonunu nerko npea-
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PaboTta 1 MOWHOCTL SASKTPUHECKO TOKa

CKa3biBaTb CBONCTBA 3NI€KTPUYECKUX Leneit gnA NOCTOAHHOIo
TOKa, @ BNOCNEACTBUM — [ANA NEpPeMeHHOro.

3axoH [hxkoyna—JleHya. IneKTpUYecKUid TOK B JOGOM
y4aCTKe uenu BbiNOAHAET onpepeneHHylo pabory. ins npu-
Mepa BO3bMEM KaKOM-nNM60 y4HacTOK Uenu, Mexpay KoHuamu
KoToporo umeerca HanpsmeHue (U). Mo onpepeneHunio
3NEKTPUYECKOTO Hanpsamenus, paboTa, coBepluaeman npw
nepeMelleHn eAUHULbI 3apAfa Mexay ABYMA TOYKamM,
paeHa U. Ecau cuna TOKa Ha paHHOM y4yacTKe uenu pas-
Ha I, 1o 3a Bpemsa t npoinger 3apag It, u nostomy paborta

INEKTPUYECKOTO TOKA B 3TOM yuyacTke
A = UIt.

310 BHIpa)eHue cnpasefNIuBO ANA NOCTOAHHOIO TOKA
8 n06OM cnyyae, ANA KAKOIO YrofHO y4acTKa uUenu, Ko-
TOPLIA MOMET COAEPIKATb NPOBOAHUKU, 3AEKTPOMOTOPDI
M np. MowWwHOCTL TOKa, T. e. paboTa B eANHULY BPEMEHM,

paBHa:
P = A/t = UL

31y dopmyny npumeHaioT B cucteme CU ana onpepeneHus
€ANHULbI HANPAXKEHUA.

Mpeanonoxum, 4To y4acToK Uenu npeacraBafeTr coboi
HEeNoABUIKHLIA NPOBOAHUK. B 3TOM cnyvae Bca pabota npe-
BpAaTUTCA B TEN/IO, KOTOPOE BLIAEAUTCA B 3TOM NPOBOAHUKE.
Echv npoBOaHMK OQHOPOAHLIA ¥ NOAYUHAETCA 3aKoHy Oma

(cnona OTHOCATCA BCe MeTannsl #“ 3HEKTp01'IMTbl), T0
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HemMHOro n3 aneKTpoTexHuku

U= IR

rae R — conpoTueneHne nNposoAHuKa. B Takom cnydyae
A = TR2I.

3TOT 3aKOH BnepBble OMbITHbIM nyTem BbiBen 3J. JleHy u,
He3aBUCUMO OT Hero, [lmoyneb.

Cnepyetr oTMeTWUTb, 4YTO HarpesaHWe MPOBOAHWKA NpH
NPOXOXAEHUU B HEM TOKa HaxoAWT MHOrOYUCNEHHOE Npu-
MeHeHue B TexHuke. Camoe pacnpocTpaHeHHOEe u BaXHoe

cpean HUX — OCBEeTUTEe/ibHbIE NamMnbl HAKaNUBAHUA.

INeKTpuHeckvie uenu
N X SAeMeHTbI

IneKTpnyecKas uenb NpeacTaBafeT coO0W COBOKYNHOCTb
YCTPONCTB, CBA3AHHLIX Mexay cob60W NpoOBOAHUKAMU W
obpasylowmx nyTb ANA 3NeKTpuyeckoro Toka. Mpu 3Tom
3/IeKTPOMArHMTHble NpoOLeCcChl B LENAX ONUCLIBAKTCA C
MOMOWLIO MOHATUM 06 >SNEHTPOABUMYLLEW Cune, TOKe U
HanpsXeHuu.

OTtaentHble YCTPOMCTBA 3NIEKTPUYECKOM UeNKW N0 UX Ha3Ha-
YEHUIO MOMHO pa3fenuts Ha Tpu rpynnol. Mepeyio rpynny
COCTaBAAIOT 3/IEMEHTLI, NpeaHasHayeHHble ANA BbIpaboTKK
3NEKTPOIHEPruKU (MCTOYHMKK NUTaHuA). Bropas rpynna —
anemeHTsl, npeobpasyiowmue 3NeKTPO3HEPrvio B Apyrue BUAbl
3Heprun (MexaHWYecKyl, TensjoByl, C3ETOBYIO, XUMUYe-

CKyio un 7. A.). 3T 3neMeHTbl Ha3biBalOTCA npueMHUKamu
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IneKTpUHecKme uenn n X SAeMeHTb!

INEKTPUYECKON 3Hepruu (3InexTponpueMHukamu). B Tpetsio
rpynny BXOAAT 3NEeMEHThl, NPeAHa3HaYeHHbIe ANA nepeaayu
INEKTPOIHEPTUU OT UCTOYHUKA NMUTAHWUA K INEKTPONPUEMHUKY
(npoBoaa, ycTpoicTea, obecneynaioLme ypoBeHb U Ka4ecTBo
HanpaxeHus, u ap.).

WUCTOYHUKKU NUTAHMA UEenu NOCTOAHHOIO TOKa — 3TO
ranbBaHW4YeCcKue 31eMeHTbl, INEeKTPUYECKUEe aKKyMyNATop.bl,
3INEeKTpOMEexaHU4YecKue reHepatopsl, TepMO3NeKTpUyeckue
reHeparopbl, dotosneMeHTol U Ap. Bce UCTOYHNKKU NUTAHWUA
MMEIT BHYTPEHHee ConpoTUBNEHUe, 3HaYeHne KOTOPOro He-
BE/IUKO NO CPaBHEHUIO C CONPOTUBNEHNEM APYIUX 3NEMEHTOB
3NEKTPUYECKON uenu.

JneKTponpMeMHUKaMU MNOCTOAHHOTO TOKA ABNAIOTCA
3neKTpoasuUrartenu, npeobpasyiouime 3NeKTPUHECKYIO IHEp-
rMI0 B MEXAHUYECKYIO, HarpepaTeNnbHble U OCBETUTE/bHbIE
npubopsl U Ap. Bce 3fieKTpONpMEMHUKU XapaKTepU3yioTca
3NEeKTPUYECKUMMU napamerpamMun, Cpefu KOTOPbIX MOXHO
Ha3BaTb CaMble OCHOBHbIE — HaNpPAXeHUe U MOLWHOCTL.
Ana HopmanbHoi paboTbl 3NEeKTPONPUEMHUKA Ha ero
3amumax (Knemmax) Heo6x0auMo noafepXmusartb HOMU-
HanbHOoe HanpaxeHue. [lna NpuUeMHUKOB NOCTOAHHOrO
TOKa OHO cocTtasnser 27, 110, 220, 440 B, a Tawxe 6,
12, 24, 36 B. .

lpadmueckoe usobpaxeHne INEKTPUUYECKONR uenu, copep-
Kallee ycnoBHble 0603HAYeHWA ee 3NeMeHTOB M NOKa3bl-
BaloWee COoeAVHEHUA 3TUX SeMEHTOB, Ha3blBAGTCA CXeMOoW

3HEKTpMQECKOﬁ uenu.




HeMHOr0 13 IAeKTPOTeXHUKU

YcnoBHele 0603HaYeHnA B INEeKTpoCxeMax

_|_|
'F.

uAmn —i—

3neMeHT ranbBaHWUYEeCKNA UK aK-
KYMYNATOPH bl

barapen anemeHTOB

[eHepaTop anexTpoMexaHUyeCKui
NOCTOAHHOrO TOKa

Bolkntoyarenb, KOHTAKT 3aMbIKalo-
wun

Bbiknlouarens aBTOMaTMYECKUi

3ambiKalowme KOHTAKTbl KOHTAKTO-
pa M 31eKTPUYECKoro pene

TR

Pa3MbiKaloWMe HOHTAKTbI KOHTaK-
TOpa W INEKTPUYECKOro pene

:

MNepeknioyatouiue KOHTAKTbI KOH-
TaKTOpa 1 INEKTPUYECKOro pesie

Namna ra3opa3pafHas ocBeTuTenb-
Hasa

AmnepMmeTp u BOALTMETD

Pe3ncTop NOCTOAHHbIN

HI®IE

Pe3uctop nepemeHHbIi

KoHTaKTbl 3ambiKalowume ¢ BblAEPH-
KOW BpeMeHW Npu 3aMbiKaHUu

HOHTaKThI 3aMblKaloWwMe C BblgEep-
KOW BpeMeHu Npu pasmblKaHWu

i

KoHTaKTbl 3aMbIKaoWMe C BhIAEPK-
KOVt BpEMeHU NPU 3aMbIKAHUYU U
pa3MblKaHum
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SneKTpUYecKue Uenn v X SAemMeHTs!

Oxor4aHue mabauys!

MNpepoxpaHutens nnaBKuit

O6moTka KOHTaKTOpa, MarHUTHOro
nyckavena v pene

Jlamna HakanuBaHWA ocBeTUTENb-
Hasa
KOHAEHCHTOD NOCTOAHHOW EMKOCTH

KaTylLI Ka UHAYKTUBHOCTH

Avoa nonynpoBogHNUKOBbIN

iéféﬂbm

Y4yacToK 3nekTpouenu, BAONb KOTOPOro MpoTeKaeT OAWH
M TOT e TOK, Ha3biBaeTcs BeTBblD. Mecto coepuHeHus
BeTBEN INEKTpOUEenU Has3bLiBaeTca y3noMm. Ha anektpocxemax
y3en 0603HavaeTcR To4yKoW. JI060i 3aMKHYTLIM nyTb, Npo-
XOAAUWMA NO HECKONbKMM BETBAM, HA3blBAETCA KOHTYPOM
anekTpuyeckon uenu. flpocTeiians IneKTpuyeckasa uenb
MMeeT OAQHOKOHTYPHYIO CXeMy, CHOMHble 3feKTpuuyeckue
uenu — HEeCKONbKO KOHTYpOB.

IneMeHTaMU 3NEKTPUYECKOW LUenu ABAAIOTCA pPa3fuuHble
3NeKTPoTEeXHMYECKHUe YCTPOWCTBA, KOTOPLIE MOTyT pabortaTtb
B Pa3nMyHbIX pexumax. Pexxumbl paboTbl KaK OTAENLHBIX
31eMEeHTOB, TaK U BCEN 3INEKTPMYECKON Lenu xapaxkTepu-
3yl0TCA 3HAYeHUAMU TOKA U HanpaweHun. MNockonbKy TOK

M HanpaxeHue B oblem cnydyae MOryT NpUHUMaTL Niobble




HeMHOro na anekTpoTexHukn

3HaYeHUA, TO pPexnMoB MoxeT ObiThb GecuncneHHoe MHoO-
YECTBO.

Pexxum X0noCTOro xofa — 3TO PEXUM, MPU KOTOPOM TOKa
B uenu Het. Takaa cuTyauua MOXKeT BO3HUKHYTb NpPU pa3-
poise uenu. HomMuHanbHbIA pexum HbiBaeT, Korga UCTOYHUK
nutaHna unu nwobor apyron snemeHT uenu paboTaet npu
3HAYEHUAX TOKA, HAMPAXEHUA W MOWHOCTH, YKA3aHHbLIX B
nacnopte AaHHOrO 3AEKTPOTEXHUYECKOro yCcTponcTsa. ITn
3HA4Y€HMA COOTBETCTBY!OT CaMbiM ONTUMANIbHBLIM YCNOBUAM
paboTel ycTPOWCTBA C TOYKW 3PEHWUA IKOHOMMYHOCTM, Ha-
LEXHOCTU, AONTOBEYHOCTU WU nIp.

Pexum KOpPOTKOro 3aMblKaHUA — 3TO pEeXWUM, Korga Co-
NpoTUBNEHUE NPUEMHUKA PaBHO HY/0, YTO COOTBETCTBYET
COeAUHEHUIO NONOKUTENLHOTO W OTPULATENLHOTO 3aXWUMOB
MCTOYHUKA NUTAHUA C HYNEBbIM cOnpoTUBaeHUeM. ToK KopoT-
KOTO 3aMblKaHWUA MOXKET focTurars 6oNbLWIKMX 3HAYEHWH, BO
MHOro pa3 npeBblllads HOMUHANbLHbIK TOK. [l03TOMYy pemum
KOPOTKOMO 3aMblKaHWUA ANA OONbLKWHCTBA 3NEKTPOYCTAHOBOK
ABNAETCA aBAPWUMHbIM.

CornacoBaHHbI PeXUM UCTOYHUKA NUTAHMA U BHEWHen
uenu BO3HUKAaET B TOM C/Ay4Yae, KOraa CONpPOTUBAEHME
BHELIHEN uennM pasBHO BHYTPEHHEMY CONPOTUBAEHWUIO. B
3TOM CAy4Yae TOK B UenW B 2 pa3a MeHble TOKa KOPOTKOro
3aMbIKaHUA.

CambiMu pacnpoCTPaHEHHbIMU U NPOCTLIMU TUNAMU CORN-
HEHWIA B 3NEKTPUYECKOW uenun ABAAIKOTCA nociegosaTensHoe

W napannenbHoe coeguHeHue.
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IAeKTpUHecKMe uenm N UX SAeMeHTLI

e
1 2.
— T
v, B v,

NocneposarenbHoe coegnHetne ABYX PE3UCTOPOB B Yenu:
1 — nepssild pesucmop; 2 — smopoi pe3ucmop.

Mpu nocneposaTenbHOM COeiMHEHUMN BCE 3/IEMEHTbI NoA-
KilovalTcA K uenu apyr 3a papyrom. [locneposarensHoe
coeuHeHUe He RaeT BOIMOXHOCTU NONYYUTL Pa3BETBNEHHYIO
uens — oHa 6yaer Hepa3BeTBAEHHOI.

B cxeme ncnonbayloTca fBa Penwcropa, KOTopbie uMeloT
conpotusnenus R n R,. TIOCKONbKY 3neKTpuyeckuin 3apag e
3TOM Cnyyae He HaKanauBaeTcs (MOCTOAHHLIA TOK), TO NPy
No6oM ceveHUn NPOBOAHUKA 3@ ONpefeNeHHblil HTepBan
BPEMEHWU NPOXOAWUT OAUH U TOT e 3apaa. W3 3toro BbI-

TeKaeT, 4To cuna Toka B obHomx pPe3ncTopax paBHana:

I=1I=1.

1 2
A BOT HanpAMeHUe Ha MX KOHLAX CYMMUpPYeTCA:
Uu=uU + U,

CornacHo 3akoHy OMa, OnA BCero y4acTka uenu v gna
Ka)XAoro pe3ncrtopa B OTAENbHOCTU NOAHOE CONPOTUBAEHWE

yenu
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HeMHOro 13 SAeKTpoTexXHUKU

R =R, +R,

B cayyae nocnenosarenvHoro coeguHeHua NpoBOAHUKOB
HanpaXeHna “ CONpoTUBJIEHUA MOXHO BbIPA3UTb COOTHO-
weHuem

U/U, = R/R,.

Ecaun nBa npoBOAHWKA COEQUHAIOTCA NApannesnbHo, INEeKTPU-
YecKan uenb MMeeT fiBa pa3BeTBneHMA. TOUKW pa3BeTBAeHUs
NPOBOAHWKOB HA3LIEAIOT y3namu. B HUX 3neKTpuuecKwnit 3apag
He HaKanNuBaeTCs, T. €. INEKTPUMECHMUIA 3apAaf, NOCTYNALMit
3a onpefileNieHHbIil NPOMEKYTOK BPEMEHU B Y3€/1, paBeH 3apsay,

yxoanalWeMy U3 y3na 3a 7o e Bpema. U3 31oro cnepyer, yto
I=1+1,

rae I — cvwna ToKa B Hepa3BeTBHEHHOVI uenu.

Napannenvnoe coeputenne A8YX NPOBOAHMKOB:
moyKu a u b — y3nel.

an napannenbHom coefuHeH NPOBOAHUKOB HaNpAXeEHuUe

Ha HUX 6yAET OQHO N TO Xe.
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AneKTpUYecKme uenm N X INemMeHTLl

Ncnonb3ys 3akoH OMa ans yY4acTKOB INEKTPUHECKON uenu
C CONpoTUBAEHMAMU R 1 R, MOMHO BbIABUTH, 4TO Ben4n-
Ha, o6paTHaA NONHOMY COMPOTUBJIEHWIO y4YacTKa ab, pasHa
CyMMe Be/IMYUH, o6paTHbIX COMPOTUBAEHUAM OTAENbHbIX

NpoOBOAHUKOB, T. €.
1/R = 1/R, + 1/R,.
N3 3atoro BbiTexaer, 4To
R=RR/(R +R).

DaHHan dopMyna cnpasefnuBa TOABKO ANA OnpeaeneHus
obuero conpoTuBNeHUs ABYX NMPOBOAHWKOB, COEAUHEHHBIX
napannenbHo. BenuuuHy, obGpaTHyl0 COAPOTUBNEHWMIO, Ha-
3bIBAOT NPOBOAMMOCTLIO. [1pU mapannensHoM coefMHeHuu
NPOBOAHUKOB WX COMPOTUBAEGHWUA W CUNA TOKA CBA3aHbI

COOTHOWeHNeM

L/I, = R,/R..

+/a/ -/9/ +/q/ ” -/a/
I

NocneposarenbHoe coeguHeHue ABYX KOHAEHCaTopoB.

Mpu nocneposatenbHOM coefnHeHun o6GKNaaxka OAHOro
KOHAEHCATOPa, 3apAXEeHHas OoTpULATeNbHO, COeAUHEHA C
0OKNapKoW APYroro KOHAEHCATOpa, 3apAKEHHOro NOMOMMU-

TeNnbHO.
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HeMHOro ua aneKTpoTeXHUKN

B 3Tom cnyyae senuuuHa, obpatHasa eMmKocTM Hartapeu
KOHAEHCATOPOB NPU NOCNEA0BATENLHOM COEAUHEHUH, paBHa
CyMMe BeNMUYMH, 06paTHLIX @MKOCTAM OTAENbHbIX KOHAEHCa-

TopoB. U3 atoro cnepyer:
1/C=1/C + 1/C, + 1/C, *... .

an 3TOM TUne coegnHeHUR eMKOCTb 6aTapeu KOHAeHCa-

TOpOB MeHblle eMKOCTHU nwboro u3 KoHAleHCaTopoB.

+/g/ ¥ -/9/
i
{
ool b g

MapanneabHoe coeguHeHHe ABYX KOHAEHCATOPOB,

Npu napannenbHoM COeAUHEHUW KOHAEHCATOPOB MOAO-
MUTENLHO 3apsiKeHHble 06KNaaKWM coefuHeHbl C NONOMU-
TeNbHO 3apAMEHHBIMKW, @ OTPULATENLHO 3apAXeHHble — ¢
OTPUUATENbHbIMU.

B 3toM cnyyae eMmkocTb 6GarapeM KoHfeHcatopos Gyaer

paBHa CyMMe JIEKTpUYeCKnx eMKocTeun KOHAEeHCATOpOoB:

C=C+C+C +....
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SAekTpydeckvie uenu v X SAEMeHTbI

MapannenvHoe coegnHeHne UCTOUHUKOB TOKA.

Npu napannenbHoM cnocobe COEAUHEHUA WCTOYHUKOB
TOKa COeaUHAIOT Mexay coboi Bce MonoMuTentHble U Bce
oTpuuaTenbHboie nontocol. HanpsxeHue Ha pa3soOMKHYTOM
6atapee 6yaeT paBHO HaNpPAXEHWIO Ha KaXAOM OTAENbLHOM
MNCTOYHUKe, T. €. NpU napannensHom cnocobe coeauHeHUs
3ac 6atapen paBHa 3AC OAHOrO UCTOYHKMKA. ConpoTuBneHue
GaTapen Npu napannenbHOM BKAKYEHUM UCTOYHUKOB Gyper

MeHbWwe COoNpoTUBNEHNA OAQHOM0 3INEeMeHTa, NOTOMY 4TO B

3TOM C/iyyae ux NpoBOAUMOCTU CYMMUPYIOTCA.

——;‘il+ -I|+ —i|+' —'}4_

MocneposartenbHoe coeguHeHUe UCTOYHUKOB TOKA.
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HemMHOro U3 snexTpoTexHua

Npu nochepoBaTenbHOM COEAUHEHUM UCTOYHMKOB TOKA ABa
COCEHUX UCTOYHUKA COEAUHAIOTCA Meway coboi npoTuso-
NOMOXKHBLIMU NONKOCAMMU.

Pa3HOCTb NOTEHUMANOB MEXAY HONOKUTENbHLIM NOMIOCOM
nocneaHero UCTOMHUKA U OTPULATENbHLIM NONIOCOM NEPBOro
6ynet paBHa cymMe pa3HOCTEd MOTEHUMANOB MeXay no-
NIOCaMU KaXKAO0ro MCTOYHMKA. M3 3TOro BbITEKAET, 4To Mpu
nocneaoBateNbHOM coefiuHeHuu 3ac 6atapeu paBHa cymme
3/iC UCTOYHWKOB, BKNIOYEeHHbIX B 6Garapeio. Ob6uiee conpo-
TuBneHwe 6atapeu nNpu NOCAeQ0BATENbHOM BKAIOYEHUU
WUCTOYHUKOB PABHAGTCA CYMMEe BHYTPEHHWX COMPOTUBAEHUN

oTAENbHbIX N1EMEHTOB.

LR IR

Nipumep pacyeTa 3AEKTPHYECKHUX Uenen.




SAeKTpu4ecKue uenn y UX SAeMeHTh!

OcHOBOI pacyeTa 3IeKTPUYECKUX Lenei ABARETCA onpeae-
NneHne Cunbl TOKOB B OTAEMbLHbIX Y4YacTKax Npu 3ajaHHOM
HanNpAMeHWW W 3apaHee WU3BECTHOM CONPOTUBNEHUWU OT-
LeNbHbIX NPOBOAHWKOB. bbIBalOT cnyuau, Korga HYXHO Bbl-
YUCAUTL CONPOTUBNEHUA OTAENBHbIX YYAaCTKOB LENU MO yKe
M3BECTHLIM HaNpAXEHWAM, CUNe TOKOB M CONPOTUBAGHUIO
OPYIvMX YYACTHOB, a TaKKe ONpefesiuTb HyXHOe Hanpsmxe-
HUEe MO 3ajaHHbIM CONPOTUBAEHUAM W cune TOKOB. Metop
pacyeTa INeKTpUYecKUx uenewn Bcerga OfAMHAKOB U OCHOBAH
Ha 3akoHe Oma.

Honyctum, obiiee HanpamXeHWe Ha KOHLAX Uenu Ham u3-
BECTHO. N3BecTHBI Tawwe conpotueneHns R, R.... R, noa-
COefMHEHHbIX K Uuenu pe3ncTtopos Rl, RZ, Ra, R4, R5, R6
(conpoTuBneHne amnepmeTpa B pacuyer He NpPUHUMaeETCA).
Cnepyet Bbluucante cuny Tokos [, I,... I.

B nepsyio ouepefb, HYXHO YTOYHUTb, CKONBKO MOCNEA0-
BaTeNbHbIX Y4aCTKOB MMeeT aaHHas uens. Mcxoaa n3 npep-
NOXEHHON CXEMbl, BUAUM, YTO TAKNUX YYACTKOB TPK, NpUuyeM
BTOPOW W TpeTWi copepwar pa3seTeneHus. [lonyctum, yto
CONpOTUBNEHUA 3TUX y4acTkos R, R',l R'. A 3Hauut, BCE
CONPOTUBAEHUE LENU MOXHO BbIPA3UTb KaK CYMMy COMpo-

TUBNEHWUIA YYACTKOB:
R=R +R +R'

rae R* — obujee conpoTMBNeHUe NapannensHo CoeAnHEHHbIX
pesuctopos R, R, n R, a R" — obuwee conpoTusnexue

napannenbHo COefUHEHHbIX pe3ucTopos R, u R.. Mpumenan




HeMHOIro 13 aneKTpoTeXHUKU

3aKOH napannenbHoro CoegmnHeHua, MOXHO BbIYHUCAUTbL CO-

npotueneHns R n R™

1/R = 1/R, + 1/R, + 1/R, v 1/R” = 1/R_ + 1/R..
,ﬂﬂﬂ TOro '-IT06bI onpenennUTs CUNY TOKa B Hepa3BETBHEHHOV|
uenn C NOMOLWbIO 3aKOHA Oma, HYHHO 3HaTb 06mee conpo-
TusneHne uenn nNpu 3aaHHOM HaNpPAXEeHUU. p,ﬂﬂ 3TOro

cneayet BOCMONb30BaTbCA GOPMyNOiA
I=U/R.

W3 Bcero BbIEU3NOKEHHOTO MOXHO BbiBeCTW, yto I = I.
Ho ansa onpepenenus CMAbl TOKA B OTAENbHBIX BETBAX
cnepyet cHavana BLIYUCIUTD HanpA)XeHWe Ha OTAEeNbHbIX
yyacTkax nocneposarensHbix ueneii. OnaTob He C MOMOLYbI0

3akoHa Oma MOXHO 3anucarsb:

U =IR; U, = IR; U, = IR".

1

Tenepb, 3HaA HanpaAXXeHue Ha OTAeNbHbLIX y4aCTKax, MOXHO

onpeaennTb CUNY TOKa B OTACNbHbIX BETBAX!:

I, = U/R;
I, = U/R;
I =UJR;
I = U/R;
I = U/R,.




MepemeHHbIN TOK

MepemeHHbIn TOK

Kak Mbl ye 3HaeM, 3NeKTpUYeCcKUiA Tok GbiBaeT nNocro-
AHHBLIM N NepeMeHHbIM. [lepeMeHHbIA TOK NOAy4YailoT nNpu
NOMOWU FEHEepaTOPOB NEPEMEHHOIO TOKA € UCNONL30BAHU-
€M ABNEeHUN INEeKTPOMarHUTHOW MHAyKuuu. B Hactosawee
BpeMA NOYTU BCA 3NEKTPUYeCcKan 3Heprus Boipabarbisaerca
B BUJE IHEPruU NEepeMeHHOro TOKa, Ha KoTopom paboTaeT
60NbWKHCTBO NoTpebuTenein 3neKTpU4YeCcKon aneprum. 3T1o
06bACHAGTCA NpeuMMylleCcTBOM NMPOU3BOACTBA WM pacnpe-
aeneHua 3To 3Heprum, lepemeHHbLIN TOK NOAy4aloT Ha
3N1eKTpOCTaHuuUAX, NnpeobpasyAs C NOMOLWbIO reHepaTopos
MEXaHUYECKYH 3Hepruio B 3InexTpuyeckyiw. OcHoBHOe
NpeuMMyllecTBO NEePEeMEHHOro TOKa NO CPAaBHEHWUIO € NO-
CTOAAHHBIM 33aKAIOHAETCA B BO3MOMHOCTM C MUHUMANbHbI-
MU NOTEPAMU nNepefasBaTb INEKTPUYECKYI0 IHEPruio Ha
6onbwKue pPacCTOAHWA W NErko MOBLIWATbL UAW MOHWXKATH
HanpaXeHue ¢ nNoMowbl TpaHcpopmaropoe. Kpome TO-
ro, reHepatopbel ¥ ABUratenu fnepemMeHHoro Toka Gonee
NpocTh! NO YCTPOWCTBY, HadewHeil B paboTe u npouwe B
3KCnayaTauMu NO CPABHEHWID € MAWWHAMM OCTOAHHO-
ro Toka. OcobeHHOCTAMM NepeMeHHOro TOKAa SABNAIOTCA
nepMofuyYecKkue U3IMEeHEHUA CWUNibl M HanpasneHUa TOKa.
3TK CBONCTBa OTAWYAIOT €r0 OT NOCTORHHOro Toka. K npu-
MEPY, NPU NOMOWMN NEPEMEHHOr0 TOKa HeNb3A 3apAauTb
aKKyMynATop. TakXe Henb3iA NPUMEHATL €ro AnA APYrux

TEXHUYECKUX Lenei.




HeMHOro 13 asneKTpoTexHuku

=

VL

NpocTeiwan ycraHoBKa ANA BbIPAGOTKN NepeMeHHOro
3NeKTPUYECKOrO TOKa.

NpuHuun gercTeua yctaHoBkn npoct. MpoBonoyHan pamka
Bpalaercs B OQHOPOAHOM MArHWUTHOM NOne C MOCTOAHHOW
CKOPOCTLIO. CBOMMU KOHLL@MKU PaMKa 3aKpenneHa Ha KoNbLax,
BPALLAIWUXCA BMECTe € Hell. K konbuam NnoTHO npuneraioT
NPYMUHLI, BLINOAHAIOWME PONb KOHTAKTOB. Yepe3 nosepx-
HOCTb PaMKW HenpepbiBHO OYAET NPOTeKaTb W3IMEHAKWMACA
MarHWTHbLIA NOTOK, HO NOTOK, CO34aBaeMblil INEKTPOMArHuToM,
OCTaHeTCA NOCTOAHHLIM. B CBA3U C 3TUM B paMKe BO3HMKHET
3AC UHAYKUUK.

Toykoi orcyeTa OyaeT NoMOMeHWE d paMKu, NOKa3zaHHoe
Ha PUCYHKe HuKe. B 3TOT MOMEHT NNOCKOCTL paMKu nep-
NEHAVKYNAPHA K MArHUTHBIM AMHWUAM, U MArHUTHLIK NOTOK
6yner umeTb MaKcMManbHoe 3Hauedue. lapannenbHo mar-

HUTHbIM NUHUAM DaMKa BCTAHET 4Yepe3d 4eTBepTb nepuopa.

42



NepeMeHHbLIN TOK

MarHuTHbI NOTOK MPU 3TOM CTAHET PaBHbIM HYNIO, NOTOMY
4TO HU Of{HA MArHUTHasA NUHUA HE NPOXOAUT YEpE3 NOBEPX-
HOCTb pamKu. YToObl ONpefennTb 3AC UHAYKUMM, HYHKHO
3HaTb He BeNUYMHY NOTOKA, @ CKOPOCTb ero n3meHeHusa. B
TOYKe OTCYeTa 3/C MHAYKUWW PaBHA HyYMI0, @ B MONOXEHUU
8 — MaKCUManbHOMY 3HadeHwuio. Mcxogs w3 nonomeHui
PaMKV, MOXHO YBUAETb, YTO 3AC UHAYKLMU MEHAeT U 3Ha-

yeHue, 1 3HaK. Takum oOpa3oM, OHA ABNAETCA MepeMeHHOM

(cM. rpaduKk Ha pUCYHKe Huxe).

OTpuuaTenbHble IHAYEHNA
3aC t

MonowmnrensHuie 3HAYeHUA

/2 N -

L
Ll
|

H3ameHeHNne BenHYMHDI IAC HHAYKUUN B 3aBUCUMOCTH OT NONOIKEHUA
PaMKH B pa3Hbie NepnoAbl BPpEeMEHN.

Ecnu pamka vMeeT TOALKO aKTUBHOE COMPOTUBAEHME,
TO TOK, KOTOPbI# BO3HMKAeT B KOHType noA JeicTevem
3AC WHAYKUMU, C TeYeHWeM BPEMEHN OyneT MEHATLCA,
HaK u cama 3AC. TaKOW TOK Ha3blBaeTCA NEPeMeHHbLIM

CUHYCOMAANbHbIM TOKOM. [lepuoaoM nepemMeHHOro TOka
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HeMHOro 13 sAeKTpoTexHUKu

Ha3blBAaeTCA OTPE30OK BPEMEHM, B TeYeHWe KOTOPOro TOK
BbINONHAET OAHO NonHoe Konebauue (3Ty eguHuuy 060-
3HavaloT 6ykBoit T). Yucno nonHeix Konebanuit 3a 1 c
Ha3blBaeTCA 4acToTolW ToKka u o6o3Hauaetca Gykson f.
Yactota namepsaerca B repuax (fu). B npombiunenHHocTn
M 6bITy 60NbWNWHCTBA CTPAH UCMOMb3YIOT NEPEMEHHbIN TOK
c 4vactoTto#n 50 [lu.

Kak n3BecTHO, nepemMeHHas 3AC WHAYKUWW Bbi3blBaeT B
uenu nepeMeHHbld ToK. Mpu Haubonbwem 3HaYeHWUM 3AC
cuna ToKa OyaeT MMeTb MaKCUManbHoe 3HaueHwe u Haobo-
poT. 3To sABNeHUe Ha3biBaeTcA coBnajeHuem no dase. He-
CMOTPA Ha TO 4TO 3HAYEHWA CUAbl TOKA MOryT HonebaTbCA
OT HyNs W [0 ONpeaeneHHOro MaKCUManbHOro 3Ha4yeHus,
MMeIoTCA NPUBOPLI, C MOMOLBID KOTOPbIX MOXHO 3aMepUThb
CUNy NepemMeHHoro ToKa.

XapaKTepuCTUKONW NepeMeHHOro TOKa MoryT ObiTb fei-
CTBUA, KOTOPblE HE 3aBUCAT OT HanpaBNeHUA TOKAa U MOTyT
6bITb TAKMMU e, KaK U NpU NOCTOAHHOM Toke. H Takum
DeWCTBUAM MOXHO OTHecTW TennoBoe. K npumepy, nepe-
MEHHbIA TOK NpOTEeKaeT 4yepe3 NPOBOAHMK C 3aAaHHbLIM
conpoTuBneHuem. Yepe3 onpepeneHHsii NPOMEIKYTOK
BpeMeHn B 3TOM NPOBOAHWUKE BLIAENNTCA KaKOe-TO KONU-
4yecTBO Tenna. MomHO nopobpartb TaKoe 3HAYeHUE CUABI
NOCTOAHHOTO TOKa, 4YTOObI Ha 3TOM e NPOBOAHMKe 3a TO
Xe BPEMA BLIAENANOCH 3TUM TOKOM TaKoe Me KOIMYecTBO

Tenna, 4To U NpuU NepeMeHHOM TOoKe. Takoe 3Ha4eHue no-
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MNepemeHHbIR TOK

CTOAHHOrO TOKa Ha3blBAaeTCA AEWCTBYIOWUM 3HAYEHNEM CUNbI
nepeMeHHOro TOKa.

AmMnepMeTpbl U BOILTMETPLI MarHUTOINEKTPUHECKOW CUCTEMDI
He NO3BONAIOT NPOM3BOAUTL 3aMepbl B UENAX NepeMeHHOro
TOKA. 3TO NPONCXOAUT NOTOMY, HYTO NPU KaXKAOM M3MEHEHUN
TOKA B KaTylWHKe MEHAETCA HanpaBneHune BpallaioLero MOMeHTa,
KOTOpOe BO3feiicTBYET HA CTpenky npubopa. Y3-3a Toro uto
KaTywKa n ctpenka obnapator 6onbuwoit uHepuuei, npubop He
pearupyeT Ha NnepeMeHHsbI ToK. [lnA 3Tux uenei npUMeHRIOTCA
npubopbl, He 3aBUCAWME OT HanpaBneHWA Toka. Hanpumep,
3T0 MOryT 6biTb NPUBOPLI, OCHOBAHHbLIE HA TENNOBOM AEHCTBUU
ToKa. B Takux npubopax cTpenka NoBOpaYMBaeTCA 3a cyer
VYONMHEHUA HUTU, HAarpeBaeMoON TOKOM.

MOXHO Take nNpuUMeHATb NpUBOPLI C 3NEKTPOMArHUT-
HOW cuctemoir peictBuA. [OABMIKHOW 4HacTblo B AaHHbBIX
npucnoco6ieHnax ABARETCA XenesHbld ANCK HeboNbworo
Avametpa. OH nepemarHWYMBaeTCA M BTATUBAETCA BHYTPb
KaTylWKW, Yepe3 KOTOPYI0 NponyleH NepeMeHHblid ToK. Takue
npubopbl U3MEpAIOT AeACTBylOWME 3HAYEHWA CUAbI TOKA U
HanpAXeHua.

Cuna nepeMeHHOro ToKa COCTOUT B NPAMON 3aBUCUMOCTU
He TOJIbKO OT HaNpAMXEeHUA U CONPOTUBAEHWA, HO U UHAYKTUB-
HOCTU NPOBOAHMKOB, NOAKNIOYEHHbIX K uenu. Kak npasuno,
MHAYKTUBHOCTL CYLECTBEHHO YMEHbILAET CUY NEPEMEHHOro
TOKa. B cBA3M C TeM, 4YTO COMPOTUBAEHWUE UENU pasBHO OT-

HOWEHUID HanpAaXeHnAa K cune ToKa, noaknwnyeHne K uenu




HeMHOro na asneKTpoTexH1UKu

KaTYWKW UHAYKTMBHOCTW YBeNWYUT obliee conpoTuBieHue.
370 npou3ongeT BCNEACTBME HANUYUA 3AC CAMOMHAYKUMY,
KoTOopas He AaeT TOKy ysenuymearbca. Ecnu nanpamenue
M3MEHAETCA, TO CMNA TOKA NPOCTO He ycnesaeT JOCTUrHYTL
TeX MaKCUMaNbHbIX 3Ha4YeHWU’, KoTopble oHa npuobpena 6bl,
He 6yab camouHgykuuu. M3 3Toro BbiTekaer, 4To Haubonblee
3HAYeHUe CUNLI NepeMeHHOro TOKA OrpaHU4YMBaeTCA MHAYK-
TUBHOCTbIO, T. €. 4eM 6onblue ByayT MHAYKTUBHOCTb M YacToTa
HanpsxeHun, Tem MeHbwe 6GyaeT 3HauyeHWe cunbl ToKa.

Ecau B Lenb NOCTOAHHOrO TOKA BHIYUTL Harapeto KOH-
[IeHCaTOpOoB, TO TOKA B Lenu He OyaeT, NOTOMY YTO MIACTUHSI
KOHAEHCaToOpa OTAENRIOTCA APYr OT [ApYyra U3ONRLMUOHHBLIMU
npoxknagkamu. pn HanuymmM B LUENW KOHJeHcaTopa MocTo-
AHHLIA TOK CYLLECTBOBATL HE MOXET.

Ecnn TouHo Takylo e HaTapel NOJCOEAUHUTL K uenu
nepeMeHHOro TOKa, TO B Hel BO3HUKHET TOK. O6bAaCHseTCA
3To cnepyowum obpasom. Mop aeicTBMEM U3MEHAIOWErOCA
HanpAXeHUR NPONCXoanT 3apAfiKa U pa3pAaKa KOHAeHCaTo-
pos. To ecTb ecnu oaHa obBKNaaKa KOHAEHcaTopa MMmena e
TeYeHue KaKoro-nu6o nonynepuona oTpuiaTentHblid 3apag,
TO B ClepyioWUiA NOAYNEepUo oHa NnpuobpeTeT NONOKUTENb-
HblA 3apaa. ChepoBatensbHo, nepe3apagka KoHAeHcaropa
nepemeLaeTt 3apAabl N0 yenu. A 3To U eCTb INEKTPUYECKUNA
TOK, KOTOPbIA MOXHO 0GHApYXMTb NPU NOMOLLM aMnepmeTpa.
Yem Gonblie Byget nepemelyaemolin 3apag, Tem 6onbwe cuna
TOKa, T. €. yeM 6onblueld eMKOCTLI 06N1aRaeT KOHAEHCATop

U 4EM Yale OH nepe3apaXaerca, Tem 6onble vacTora.




TpexdasHblii nepemMeHHbIA TOK

TpexdasHbiii nepemMmeHHbIA TOK

B pavHoe spemAa 8 MUpPOBOYW NPOMBLIWNEHHON NpaKTUKe
WKUPOKO pacnpocTpaHeH Tpexda3Hblii NepeMeHHsIH ToK, KO-
TOpbIi UMEET MHOXECTBO NpenMyuecTs nepes oaHOda3HbIM
TokoM. Tpexda3Hoi Ha3LIBAIOT TaKylo CUCTEMY, KOTOpan nMeeT
TPW 3neKTpUYecKWe Lenu Co CBOUMU NeEpPeMeHHLIMW 3AC C
OAVHAKOBBLIMM aMNAUTYAAMN WU YACTOTONW, HO CABUHYTHIE NO
thase oTHocuTensHo Apyr apyra Ha 120° wau Ha 1/3 ne-

puoaa. Hampas Takas uenb Ha3biBaeTcs ha3on.

. f

507 s
/TDJE /
180° 110 , 0
E ?,‘4 J 90° 1 270° /350
1t r—
1.2 g

1200

180°

Cnoco6 nosmyuerun nepeMeHHOro ToKa NPH BpalleHny 06MoTKH
B NOCTOAHHOM MaTHUTHOM none.




qifiEHWDit)rtJlda INEKTPOTEXHUKN

Beepxy Ha pWCYHKe ROKa3aH NPUHUMN NONYYEHUA OfHO-
thazHoro Toka U ero ¢opma. 3pech pamka BpalaeTcA B none
NOCTOAHHOIO MarHWTa U B Heil UHAYLMPYETCA CUHYCOUAANbHasA
3ac. Ecan mbl BO3bMeM 3 paMKK, pacnonoXeHHblie Nop yrmom
120° ppyr K apyry (puc. BHU3Y), TO B pe3ynbTate NoayYyuMm Tpu
3AC, KOTOPLIE CABUHYTHI OTHOCUTEALHO ApYT Apyra no ¢ase Ha
120°. Npu 3ToM npegnonaraem, 4TO BpalweHWe NPOUCXOAUT C
NOCTOAHHOM CKOPOCTLIO. Ecnn cyuTarb, Y10 3aC nepeoit da3non

0o6MOTKM €1 HauuHaeTcA B Hayane nepuoga, T. e. t = 0, To:

el = Eml-sinot, e2 = Em2-sin (ot — 120°),
e3 = Em3-sin (ot + 120°).

50° Vjs'f( 5400
O o——

Cnoco6 nonyueHus TpexaIHOro TOKa HA COBPEMEHHbIX
reHeparopax.

120° 120°

e
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TpexdasHbiih nepemMeHHLIA TOK‘U

B coBpemeHHbIx reHepatopax ¢asHbie 06MOTKM pa3me(ueuu
B HENOABMXHOW YacTU reHepaTopa — CTatope, a MarHuT-
Hoe none co3jaeTcA BPaWaAIOWMMCA C ORHON CKOPOCTbIO
POTOPOM, KOTOpbI# npeacTaBiaseT coboit 3neKTpoMarHuT.
Hwvixe npeacTaBneHbl BEKTOPHAA anarpamMma u rpaguk Tpex-
¢asHoro ToKa.

B o6uem cayyae ans coepuHeHmns tpexcasHoro reHeparopa
nepeMeHHOro ToKa K noTpebnAlIeMy YCTPONUCTBY HYMXHO
UMeTb WecTb NpoBoaos. OaHaKo cyuwecTeyloT U 6onee 3Ko-
HOMMUYHble cnocobbl coeguHeHUA: 3Be3da WU TPeyroAbHUK.
06bI4HO reHepaTop Tpexda3HOro Toka M3obpaxaiT B Buge
3 cTaTopHbix 06MOTOK, KOTOPLIE pacnonaralTca Apyr K Apy-
ry nog ymom 120°. Havana o6mMoToK npuHATO 0603Havatb

6ykBamu A, B, C, a koHusl — X, Y, Z.

CoeaunHenune Tpexdasnbix
reneparopos cnocobom «3ee3pan.

49



HeMHOro U3 3NeKTPOTEXHUKM

B cnydae, Korga KOHUb!I CTAaTOPHLIX OOMOTOK COEAUHEHb!
B 0AHY 06uyto Touky (HyneBas Toyka reHeparopa), cnocob
COeAMHEHWA Ha3blBaeTCA «3ee3fa». B 3Tom cnyyae K Ha-
yanaM O6BMOTOK NPUCOEAUHAIOTCA NPOBOAA, Ha3biBaemble
NuHelHbIMU. TOYHO TaK KE MOMHO COEANHATL U NPUEMHUKM.
B 3TOM ciyyae NpoOBOJA, KOTOPLIK COEAUHAET HYNEBYIO TOYKY
reHepatopa M NPUEMHUKOB, Ha3blBaeTCs HyneBoit. [laHHan
cucTemMa TpexdasHOro Toka vWMeeT fBa Pa3HbiX Hanpaxe-
HUA: MEXAY NUHEeWHbIM U HynesbiM nposogamu (daszHoe
HanpAXeHue) U Mexay OBYMA NUHEAHbIMU (NIMHeiiHOe Ha-
npsxexue). JIuHeiltHoe HanpaxeHue Bygert B V3 pa3 6onbwe

¢asHoro, T1. e.

LA
Y.C

npuuep COCANHEHHUA TPEYTONbHUKHOM.

Mpu ucnonb3oBaHUM paHHOro cnocoba coepuUHeHUA
KoHely X nepsodl O6MOTKM reHepaTopa NOJKAIOYAT K
Havany B BTopoit ero o6MoTku, KoHely Y BTOpod 06MOT-

KM — K Hauvany C Tpetbeit 06MOTKM, KOHey Z TpeTbei
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TpexdasHbii nepemMeHHbIN TOK

06MOTKM — K Hayany A nepsoi 06MoTku. Mpu AaHHOM
cnocobe coeguHeHUa ¢azHbIX OOMOTOK U NOAKIIOYEHUU
Tpex(a3lHoro reHeparopa K TPexnNpPOBOAHOW AWHUN Au-
HeilHOe HanpAXeHue No cBoeMy 3HAYeHUIo CpaBHUBAaeTCA

¢ da3sHbiM:




DAEKTpU4eckne MalnHbl W NpUbopk!

INeKTpuyeckme
MalWHbI
1 npubopol

Ymo6bi npusecmu 8 d8umerHue M0G0 UCNONHUMENbHLIT MeXAHU3M,

Hy)eH 08uzamens, npeobpasyrowul KaKoi-1ubo sud 3Hepauu 8
MEXAHUYECKYIO, d MAKKe CUCMeMa MexanuyecKux nepeday Mexody
8a/10M QBU2aMeENS U UCNONHUMEbHbIM MexaHu3mom. JJo KoHya
XIX 8. 8 NpOMbIWNEHHOCTIU UCNOAB30BANU 8 OCHOBHOM NAPOBbIe
U 800sHbIe O8U2amenuy. B HACMOALjee BPeMA OHU NPAKMUYECKU

NOJIHOCMbIO BbIMECHEeHbI 3neKmpoasueameﬂﬂMu.

MpumeHeHue 3neKTpoABUraTenen Ana NpUBOAA B ABUMKE-
HUE UCNONHUTENLHBIX MexaHu3mos (ObITOBOW M npoMblW-
NEeHHOI annaparypbl) 06YCNOBAEHO PAAOM UX NPEUMYyLLECTB
nepea apyrumu psuratenamu. Cpegu 3TUx npeumyluecrs
MOMHO OTMETUTb BO3MOMHOCTb M3rOTOBNEHUR 3NEKTPO-
asuratened nwbOGON MOIWHOCTU, MPOCTOTY YCTPOMCTBA U
yNPaBNeHUA, HAJEMHOCTb IKCNiyaTauuu, BO3MOMHOCTb
asTomMarusauuu,

IneKTpUyeckUe MalWWHLI NOAPA3AENAKTCA Ha fBa Bupa.
Te, KoTopble Npeo6pPa30BLIBAIOT 3NEKTPUYECKYID 3IHEpruio
B MexaHW4yecKylo, Ha3biBAOTCA ABuratenamu. MawuHbl,

TpaHCHOPMUPYIOLME MEXaHWUYECKYIO SHepruio B 3INEKTpU-
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MeHepaTopbl NepemMeHHoro Toka

YeCKylo, Ha3blBalOTCA reHepatopamu. [encreme gBuratene
M reHepaTOpOB OCHOBAaHO Ha ABNEHWUU SNEKTPOMATHWUTHOM

MHAYKUUMA.

feHepaTOpbI
nepemMeHHOro Toka

Kak yme rosopunocb Bblle, reHeparopbl npeo6pa3so-
BLIBAIOT MEXaHUYECKYl 3Hepruio B 3nekTpuyeckyo. Bpa-
WaWUNcA poTop reHepaTopa pacnofioXeH B MarHUTHOM
none, Ha ero NOBEpPXHOCTU BbINONHEHA OBMOTKA, B KOTOPOIi
uHayumpyetca 3pac. Ecam k koHuam o6MOTHM npucoeam-
HUTb PEe3UCTOop, TO B HEM BO3HWUKHET TOK. 3TO OonucaHue
npuHLMNa AeNCTBUA NpocTeillero reHeparopa nepemeH-
Horo Toka. Ho ycTpoicTeo BaHHOro TUNa 3NeKTPUYecKown
MalWWHbl A0NMHO ObiTb HAMHOIO CNOXHEEe, NOTOMY 4TO C
ero knemm 6Gepetca AO0BONLHO BbLICOKOE HanpaxeHue. B
CBA3W C 3TUM HYMHO BbLINONHATbL 6GOnbWOE KONWYECTBO
BUTKOB OBMOTKM MU cneuuanbHbiM cnocobom COeauHATL
ux mexay coboi.

OaHaKo Npu HEeNOABUMHOM UHAYKTOPEe W BpallaloWUXCA
BUTKax 3KCMJiyaTauuna reHepaTopa CTaHOBUTCA TPOMO3 KON
1 HeypobHoi. [laHHoe ABneHue NPOMCXOAUT NOTOMY, YTO
NpyU NOMOIM MOABUMHBIX KOHTAKTOB BecbMa npobnema-
TM4YHO 3abupatb OT reHepatopa BbipaboTaHHylO 3Hepruio,
NOCKONbKY TOK UMeeT BbICOHOE HanpaMmeHue, U3-3a KO-

TOPOro KOHTAKTbl HA4YUHAOT UCKPUTL. B cBA3KM C 3TUM B




IreKTpU-HecKne MatUHikl U NpUBopb!

reHepaTopax NepeMeHHOro ToKa 0OMOTKa BbLINONHAETCA
HEeNOABUIHOMW, a Bpawaetca uHAaykTOp. HenopBuHas
YaCTb MaWMWHLI CTana Ha3blBaTbCA CTAaTOPOM, @ NOABMNK-
Haa — PpOTOpPOM.

O6bI4HO CTATOp M3rOTaBAUBAKT U3 NUCTOBOW CTanu. 31O
AenaeTca ANA Toro, 4ToObl NoOracuTe Buxpesble TokM. Ha
MarHUTHbIE MOMIOCA POTOPa YCTaHABAWBAIOT OBMOTKM, Npo-
BOAALME 3NEKTPUYECKMIA TOK, KOTOpbIK NoaBoasT K 06MOT-
KaM yepe3 IeTKW U KOonblUa OT BHELWHEro WCTOYHMKA TOKa.
Yacrtora ToKa, BbipabaTbiBaeMoro reHepaTopom NepemMeHHoro

Toka, cocrasnser 50 lu.

MeHepaTopL!
NOCTOSIHHOMO TOKa
ﬂaHHbIe MaWwnHbl — 3T0 NPOCTbie WHAYKUMWOHHbIC reHe-

patopsl, UMEILNE KONNEKTOP. KOIU'IEKTOp npeo6pa3osblaaeT

nepemMeHHOEe HanpaXeHwe Ha WeTKax B8 NOCTOAHHOE.

SAEeKTpPOABUIraTeAb
NOCTOSIHHOINO TOK3

MpocToit 3neKTpuyecKuih gBuraTtenb CAYKUT ANA npe-
BpaWeHUA 3NEeKTPUYECKOW 3Heprun B MexaHuyeckyio. Ero
heACTBME OCHOBAHO HA [IBUMEHWW NPOBOAHUKA C TOKOM B
NOCTOAHHOM MarHUTHOM none. MarHuTHoe none, B KOTO-

POM BpAaWaAETCA AKOPb TAaKOro asuratenn, Co3faeTCca npu
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ACUHXPOHHbLIE IAEKTPOABUNIETeAUN

MOMOWM CUABHOTO 3NEKTPOMArHUTa, KOTOPbIA Nonyvaer
TOK OT TOrO e WUCTOYHUKA, 4T0 U 0BMOTKM Akopa. oka
ecTb 3NeKTpUYecKuit ToK, AKopb 6ymer Bpawarvbca. Ecau
Ha OCb AKOPA NOCaAWUTb WKUB WA COEAWHUTL OCb AKOPA
C OCbI0 KaKOW-HMOYAb MaUiKHbI, MOXHO BpaleHue AKOPA
MCNONbL30BaTL ANA NPUBOAA 3TOW MaWMHbLI B ABuKeHue. To
€CTb 3a CYET 3NEKTPUYECKOH 3Hepruu 6yaeT BLINONHATLCA

MexaHu4ecCKan pa6OTa.

ACVHXPOHHbIE
3NAEKTPOABUNATEAU

YcTpo#CTBO aCMHXPOHHOTO 3MIEKTPOABUTATENA OCHOBAHO
Ha BpawanweMcs MarHUTHOM Mone. JNeKTpOJBUraTens,
B KOTOpPOM Bpauwatoueecs mardHutHoe none BBaMMO,ﬂeVI-
CTBYeT C TOKOM B 06MOTKax poTopa, BbipabBOTaAHHbBIM 3TUM
Ke MArHUTHbLIM NONeM, Ha3blBaeTCA ACHMHXPOHHbIM (He-
oaHoBpeMeHHbIM), Tpexda3sHble acUHXPOHHbIE ABMraTenu
MMEIT 2 OCHOBHble 4acTW: HEMOABUMHYI0O — CTaTop M
NOABUMHYIO — PpOTOP.

Yto6bl yBennMuyuTb BpalalWKUii MOMEHT ABUTaTens W
YMEHbWUTL NOTEPU IHEPrUMW, KOTOpas TPaTUTCA HA Harpes
ABUraTens, Heo6XoauMMO Co3fAaTh TaKue YCNOBUA, NPU KaKUX
TOoKM OyayT MHAyUMpOBaTLCA He BO BCEA Tonwe poTopa, a
TONbKO Ha ero NOBEPXHOCTU. [na 3Tux ueneit poTop MU3ro-
TaBNAWBalOT He B BUAE CNAOWHOrO UMANHAPE, @ U3 CTaNbHbIX

NUCTOB, M30NNPOBAaHHbLIX APYr OT Apyra. ,D,aHHbIe NNUCTH Bbl-




IAEKTPUYECKME MalunHLI U Npubopbl’

NONHAIOTCA C Na3aMu, B KOTOPbLIE YKNAAbLIBAIOT MeAHbIe Unu
anioMuHneBble NpyTku. KoHUbI 3TUX NPYTKOB BNawWBaIlOTCA B
Konbua. PoTop -CTaHOBUTCA NOXOXMM Ha Oenuuse Koneco,
BCNeACTBUE Yero 3TOT BUA POTOPHOW OOBMOTKW M Ha3eanm
UMeHHO Tak — OGenudybe Koneco. W3-3a Takoro cnocoba
U3roTOBAEHWUA POTOP CTAHOBUTCA KOPOTKO3AMKHYTbIM. ACUH-
XPOHHbIA JBUTATENb C KOPOTKO3aMKHYTbIM POTOPOM — 3TO
camblil MPOCTON INEKTPOABUTATEND, WWWPOKO NPUMEHAIOLWMUIACA

B NPOMBIWNEHHOCTU U 6bITy.

TpaHchoOpMaTOpbI

TpaHchopmatop — 370 annapat, Npyd NOMOWMU KOTOPOro
nepeMeHHbll TOK OfHOrO HaNpAXeHWA TpaHcpopMuUpyeT-
CA B NEPEMEHHbIn TOK APYroro HanpsaxeHua. YcTponcteo
TpaHCcoOpMaTopa OCHOBAHO Ha ABAEHUU INEKTPOMArHUTHOM
vHaykunu. Tpanchopmarop npeacraBnser coboil 3aMKHyTbI
CTanbHON CEpAEYHWK, N3roTOBEHHbIA M3 nnacTuH. Ha cep-
fAeUYHUKE yKpenneHbl ABe KaTylKW C 06MOTKaMy M3 npoeo-
NOKHW, UMEoWMUMK pa3Hoe uncno Butkos. 06MoTKM obragaioT
cnabbiM conpoTuBneHnem u HoONbWON UHAYKTUBHOCTLIO.

TpaHcgopmaTopbl 6bIBAIOT NOBLILAWUMU U NOHUMAIOLWLK-
Mu. B nepeom cnyvae BropuyHasa o6MOTKa umeeT Gonbliee
YMCAO BUTKOB, BO BTOPOM -— MeHbluee. TpaHcdopmarop
ABNAETCA CaMblM ONTUMaNbLHLIM annapaTtom no npeobpasosa-
Huto 3Hepruun. KNJ cospemeHHbIX MOWHbLIX TPaHCHOPMaToOpoB

nopo# gocturaer 94—99 %.




SAeKTpouamepuTessHsie Npubops!

INeKTpousmMmepuTenbHbIe
npnbopobl

InexTponsmeputenbHole NpUboOpLI NpegHa3HayeHb AnA 3a-
MepoB BCEBO3MOMHbBIX INEKTPUYECKUX BENIWYUH. YCNOBHO UX
MOXHO PpasfenuTb Ha NpUBOpbl HENOCPEACTBEHHON OLEHKM
¥ npubopsl cpaBHeHuA. B npubopax nepeoi rpynnbl WKana
pasMeyeHa B Tex eAMHULAX, KOTOpble HenocpeAcTBEHHO
M3IMEpPAITCA nyTem OTKNOHeHuA cTpenkn. K 3toi rpynne
OTHOCATCA aMMNepMeTpbl, BONLTMETPL!, OMMETPH U np. B npu-
f6opax BTOpOW rpynnsl NPUMEHAIOTCA GU3NYeCKne ABNEHUR,
KOTOpble NepeMelianT MNoJBMMHYI0O cucTemMy npubopa u
TEM CamblM €03Jal0T Bpawaunii MomeHT. OH MOXeT 6biTh
co3paH Npyu B3aUMoOAeRCTBUM MAarHUTHOMO NONA NOCTOAHHOTO
MarHUTa U MArHUTHOrO NOASA KaTylWKW, @ TaKXKe MarHUTHOro
NOAA KaTyWKW C TOKOM W cdeppomarHeTnka u T. 4.

B 3aBUCUMMOCTH OT TOro, KAKOW UMEHHO (PU3UYECKUIA NPo-
Luecc npumeHeH B npubope, ux NoApa3fenAtT Ha npubopb
MarHUTOINEKTPUYECKOW, INEeKTPOMArHUTHOW, 3NEeKTpOoAWHa-
MUYECKON, UHAYKUMOHHON, TEPMO3NEKTPUYECKON U ApYrux
cUCTeM.

Kampabiii npubop npu 3amepax UMeeT CBOU NOrpeLHoCTy.
JonyuieHHble NOrPeWwHOCTM B 3aBMCUMOCTU OT CBOUCTB U
KayecTea npubopa onpefenfioT KNacc TOYHOCTM AAHHOMO
npubopa. Knacc TOMHOCTW, Kak NPABUNO, yKa3aH Ha WKane
unn B8 nacnopte npubopa. Bcero cywecreyer 8 knaccos

TOYHOCTHU.
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IAeKTPUHECKUE MaLWMNHLI 1 NPpUBopPL!

Camoe WMWpPOKOe pacnpocTpaHeHwe MMeloT Npubop.,
[eNCTBUE KOTOPbLIX OCHOBAHO HA 3/IEKTPOMarHWUTHOW Cu-
cTeme. JlaHHOe TexHUuecKoe YCTPOWCTBO npeacTaBnser
€060l HEMOABUMHYIO KaTyWKy, BKIOYAEMYI0 B Uefb.
BHYTpU KaTylWwKW UMEeTCA CepAeYHUK, U3roTOBNEHHbIW M3
MATKOro »ene3a v HacaweHHbl 3KCUEHTPUYHO Ha OCb,
Ha KOTOPOW 3aKpensieHbl TaKXe yKa3laTenNbHas CTPenKa
CAUPANbHAA NPYXUHA.

MpyxunHa co3paer NPOTUBOAGNCTBYIOUMIA MOMEHT U BO3-
BpattaeT CTpenky 8 UCXO[HOE MONOXEHWe Npu OTCYTCTBUU
TOoKa. MMeeTcs TaKke noplueHs, ABUraloWMACA B BO3AYWHOM
unnuugpe. MNopweHb urpaer pons gemndepa (BO3AYWHOro
ycnokouTtens).

Mpubopbl 3NEKTPOMArHWTHOW CUCTEMbl NpeAHa3HaAYeHb
AAA N3MEePeHUa CUNbl NOCTOAHHOTO U NepeMeHHoro Toka. Y
NpuBOpoOB C Mene3HbiM CepAeyHUKOM, Kak NpaBuno, Knacc
TOYHOCTU HEeBBLICOK. X NpUMEHAIOT ANs 3aMepoB Ha WMTax
U NpU U3MEPEeHUsiX, He TpebylwMx BLICOKOW TOYHOCTU. B
yCRoBUAX nabopatopud 06bIYHO MCNONBL3IYIOT NPUBOpPLl C
CepAEYHMKAMM, BLINOMHEHHBIMU W3 CNnaea xene3a C HU-
Kenem.

NonoxutenbHbIMM KauecTBaMu Takoro poaa npubopos
ABARIOTCA NPUTOAHOCTL 3aMEpPOB B UeNAX KaK MOCTOAHHOIO,
TaK U MepemMeHHOro TOKa, YCTOMYMBOCTb K Nneperpy3kam rno
TOKy, NPOCTOTa U3rOTOBJIEHUA 1 XOPOLLAA MEXaHWYeCcKas NpoYy-
HOCTb. MWHYCOM JaHHbIX TEXHUYECKUX YCTPONCTB CYUTAIOTCA

HEpaBHOMEpHOCTb WKanbl, BO3HUKHOBEHKE OCTATOYHOro Ha-




MOAYNPOBOAHUKOBLIE SAeKTpU4ecKne Nnpubops!

MarHu4mBaHuAa cepjevyHUKa, a TatKe 3aBUCUMOCTL 3aMepoB

OT BHEWHWUX MATHUTHLIX NoJsei.

MoAyNpOBOAHUKOBLIE
aNeKTpuHeckue Nnpnbopsl

NonynpoBOAHUKOBLIMM Ha3biBaloTca npubopbl, paboTa
HOTOPLIX OCHOBaHa Ha 3NEKTPOHHLIX NpoLeccax, BO3HU-
Kalowux B NOAYNPOBOAHWKAX. B camux nonaynpoBogHMKax
06bI4HO CBOBOAHBIX INEKTPOHOB OYEHb MaNo, B CBA3U C 3TUM
cobcTBEHHAnN NPOBOAUMOCTbL Hesenuwa. B cnyuae, korga B
NONyNnpoBOAHWKKM BBOAATCA KaKWe-nMGO NpUMecH, BO3HU-
KaeT AONOAHWTENIbHAaA NPUMECHas NPOBOAWMOCTb, KOTOpas
obycnaBnusaer cuny TOKa.

MonynposoaHuku GbiBalOT n-Tna M p-tuna. B nonynpo-
BOLHWKAX NepBOro TMNa COAepPXaTcA TaKne NpuMecy, aToMbl
HOTOPLIX NIErKO OTAAIOT CBOM INEHTPOHbI, TEM CaMbiM yBe-
INYMBaA YNCo cBOBOAHBIX 3NEKTPOHOB B NONYNPOBOAHMKE.
B nonynpoBofHMKAx BTOPOro TMna npuMmecH cnocobereyioT
o6pa3oBaHuio AbIPOK, yBENANYMBAA AbIPOUHYI0 NPOBOAUMOCTS.
To ecTb MOKHO CKa3aTb, 4YTO nonNynpoBOAHUKKU 6bIBAIOT C
3NEKTPOHHOW U ALIPOYHONW NPOBORUMOCTLIO.

Ecnv u3rotoBuTb CnNnas M3 NOAYNPOBOAHWKOB Pa3HbIX
TUNOB, TO Ha rpaHuue cnas obpa3yeTcs p-n-nepexop. B
cnyyae MpAMOro MNOAKNIOYEHUA TAKOrO NOAYNPOBOAHUKA K
INEKTPUYECKONH Uenn (pP-TUN K NONOXMTENbHOMY MOMICY,

a n-tun — K OTpMLlaTeJ'IbHOMy), ero npoBogumMocCTb 6yAET




reKTpr4eckme MallnHel 1 Npubopel

BbICOKOM, @ conpotueneHue — Hebonowum. MNpu obpaTHoM
BKNIOYEHUM (p-TUN K OTPUUATENBHOMY, a N-TUN — K Mo-
JIOMMTENbHOMY) TOK OyAeT MUHUMaNbHbIM U3-3a 6onbworo
COMNMpPOTUBAEHUA p-n-nepexopa.

NonynposogHukoBbie npubopbl, npeobpasylowme 3nek-
TPUYECKYIO 3HEpPruio U umelollne OAUH p-n-nepexop U ABa
BblBOAA, Ha3sbiBalotcA guopamu. O06bIYHO aunopbl v3roTas-
NUBAIOTCA M3 repMaHuA, KpemHua u apceHupa ranams. o
Ha3HaYeHUI0 UX NOAPA3AENAIOT HA BbINPAMUTENbHBIE, AETEK-
TOpHble, MepexnioyaTenscHole, cTabunmsatopsl HanpsMmeHus,
uan cTabunuTpoHsl.

MlonynpoBogHuMKOBbIE BLINPAMUTENH HageXHbl B padore,
MMEIOT ANAUTENbHBIR CPOK CRyX6bl. WX 60NbWINMM MUHYCOM
ABNAETCA TO, YTO OHU UMEKT OrpaHUYeHuna No Temneparype,
T. e. pabotatoT B uHtepeane ot —70 go +125° C.

Ecnn nonynpoBOAHMK OCBETUTH GONBWUM KONUYECTBOM
CcBeTa, TO ero 3JieKTPpUUYEeCKaA NPOBOAMMOCTb BO3pacTeT
B pa3bl. 3T0 npou3oijeT 3a CuYeT pa3pbiBa CBA3EN K
obpa3zoBaHua cBob6OAHLIX 3INEKTPOHOB W AbIpoK. Takoe
ABNEeHNe Ha3biBaeTCcA (OTOINEKTPUYECKUM 3IPdeKToM.
Mpnbopbi, felWcTBUE KOTOPLIX OCHOBAHO Ha OTO3INEK-
TPpU4ECKOM 3 deKrTe, Ha3bIBATCA POTOPE3INUCTOPAMU UK
¢doToconporusnenHuamu. MonomMUTENbHBIMU KayecTBamu
dhoTOpPE3NCTOPOB ABNAIOTCA MWUHMATIOPHOCTb pa3Mepos,
BbICOKAA 4YYyBCTBUTENbHOCTb NpM 3amepax U T. g. 3Tu
KauecTBa faldT BO3IMOMHOCTb WCNOAL30BATb AaHHbIE

yCTpOVICTBa BO MHOrux obnacrax HAayKn U TexHUKu anAa




AKICyMYAATOPbI

yyeta U u3MmepeHus cnabbix CBETOBbLIX NOTOKOB. ®oTo-
pe3ucTopbl NPpUMEHAIOT ANA ONpeaeneHUA Kayecrsa no-
BEPXHOCTEN, KOHTpons pasmepos usgenut u np. OHK
npeacTasaAsioT co6oil NoAYyNpoBOAHUKOBLIA NPUBOP C ABYMA
p-n-nepexofamu. na noAacHeHus npuvHuuna paboTe pac-
CMOTPUM OAWH M3 BUAOB TPaH3UCTOPOB, U3rOTOBAEHHbLIN
M3 repMaHuA UNU KpemHUA ¢ gobaBneHuem AOHOPHBIX U
aKuenTopHbiXx npumeceirn. flpumecu pacnpegeneHbl Takum
o6pa3oMm, 4YTO MeMAay [ABYMA CNOAMM NOMYNPOBOAHUKA
p-TUNA BO3HWKAeT OYEHb TOHKAA NPOC/OWKa NoAynpoBO-
AHUKA n-Tuna.

BolweykasaHHas TOHKas NPOCNOWKA HA3bIBAETCA OCHO-
BaHMeM unu 6a3oil. B nonynposogHuke ob6pa3syoTcAa aBa
p-n-nepexopa, NpAMble HANpPasNeHWUA KOTOPbIX NPOTMBOMO-
noxHbl. Hanuuue Tpex BbIBOROB OT obnacteil C pa3HbIMU
TMNAMM NPOBOAUMOCTU [AAET BO3MOXHOCTL WUCNONbL3OBATHL
TPaH3UCTOPbl BO MHOMMX 31eKTPUUECKUX cxemax. B HacTos-
uee BpemMsa TPAaH3UCTOPbl OYEHb IWMPOKO PacnpoCTpaHeHbl B

paano- U INeKTPOTEXHUNKe.

AKKYMYASITOpGI

Npubopsl, cNOCOBHLIE HaKanNaUBaTbL U ANUTENLHOE BpPeMs
XPaHUTb 3MEKTPUYECKYIO 3HEPIuI0 Ha3bIBAOTCA AKKYMyNA-
Topamu. PaboTa 3TUX YCTPOWCTB OCHOBAHa Ha npuHuuMne
06paTMMOCTU XMMUYECKMX peakuuit. CambiMW pacnpocTpa-

HEHHbLIMU CHUTAIOTCA KUCNOTHBIE AKKYMYNATOPLI. MnacTuHbl




SaeKTpUHecKue MallmHLl 1 NpUGop.l

aKKyMynATOpa WM3roTaB/MBAOTCA U3 CBUHUA B BUAE peLeToK
M NOKPbLIBAIOTCA aKTUBHOW Maccoi. [lnacTuHebl, asnsawwmecs
NONOXUTENbHbLIM NOJKCOM AKKYMYyNATOpPa, NpPeAcTaBAAloT
coboi pAfl cKpenneHHsIx Mexay coboi napanneasHblx, No-
CTaBNeHHbIX BEPTUKANbLHO pebep, KoTopble 06pasyloT AYenku.
B 3T AvyelKN yKNaabiBAeTCA aKTUBHAA Macca, COCTORLLAA U3
okcupa ceuHua. OTpuuatenbHble MAACTUHLI BbIMOAHAKOTCA
B BUAE CBWHLOBOW pelWeTKn C A4YeWKamu, 3anonHEHHbIMU
aKTWMBHOWM Maccoi u3 wucroro cBuHua. B kavecTpe pacTBopa
B aKKyMyNATOpax WCNONb3yeTCA CepHaa KUCNOoTa, pacTso-
peHHana B Boje. Kawabln akkyMynaTop MMeeT CBOW nacnopr,
B KOTOPOM YKa3blBAIOTCA NpefenbHble 3HAYeHUA CUbl TOKA

Npu 3apAfke u pa3pagke.

AneKTpuyeckme
A3MMNbl HAKAANBAHUA

Namnbl HaKanneaHNA NpefHa3HaYeHbl gnA OCBEWEeHUA no-
MeuWeHui B TeMHOE BpeMA CYTOK. [TpnHuUMn pencTeua namn
OCHOBAH Ha CBeYeHUY HarpeTblx TOKOM NpOBOAHMKOB. Jlamna
COCTOWUT U3 CTEKNAHHOW KONObI, M3 KOTOPOM OTKa4YaH BO3AyX,
M MeTannnM4yecKkoro LoKonA. BHyTpu Konbbl Ha cneunanbHbiX
KpIOYKax 3aKpenneHa HUTb HaKanuBaHUA, BbLINONHEHH3A n3
Tyronnaekoro Metanna (Bonbdpam, 0CMUIA, TaHTAN U NP.) UK
Cnnasos Tyronnaskux metannosB. KOHUbl HUTWU HaKannBaHus
NpuUnasHbl K ABYM TOHKMM npoBonokam. O0avH HapyXHbIA

KOHel 3TUX NPOBONOK NPUNAAH K METAaNNn4YeCcKoMy LOKONo,




NIOMUHECUEHTHbI AaMNbl

a ApyroM — H BUHTOBOW Hape3ke. Kak npasBuno, HUTb Ha-
KaAnBaHUA pa3orpesaeTtca no Temnepatypbi 8 2000° C. 370
ABneHne NO3BOAAET Namne APKO CBETUTLCA.

BuiBaloT namnb), umetowue B konbe ras, He NOAAEPHKMU-
BalWNA ropeHua. Ons 3Tux ueneid 0BBLIYHO NPUMEHAIOT
a307 unu aproH. las B Konbe HyweH pns TOro, YTo6bl HUTL
HaKaNWBaAHUA KaK MOXHO [onbllie He pacnbiianace npu
pa3sorpese. 370 AaeT BOIMOXKHOCTb NOAHUMATbL TemnepaTtypy
HaKanusaHua HUTKU Ao 2900° C. Ha kawpoi namne mMmeeTca
COOTBETCTBYIOWAA MAPKMPOBKA, B KOTOPYIO BXOAAT UUPPLI,
yKa3sbiBaoWMe HanpsameHne namnel U noTpebnsemyio et

MOWHOCTb.

NIOMUHeCUeHTHble A8MNbl

B Npou3BOACTBE NIOMUHECUEHTHLIX Namn BMeCTOo Kon6
MCNONb3YIOT CTEKNAHHbIE TPYOKY, NOKPLITLIE UIHYTPU JIIOMK-
Hodopom. C aByX KOHUOB B TPyOGKe UMEIOTCA BoNbpaMoBbie
cnupanu, enasiHHble B Tpy6ky. Ha cnupanu HaHeceHa cneum-
aNbHanA OKCUAHAA NacTa, AalWan BOIMOXHOCTL IEKTPOHAM
nokupaTte cnupanu. BHyTpu cteknAaHHaa TpyOka 3anonHeHa
napaMu pTytM u aproHom. [nuHa v pguametp Tpybku 3a-
BMCAT OT HanNpaMeHWa u MowHocTu namnel. Kpome 3Toro,
B namne UMeeTCA CTapTep, NpeacTaenawowmit coboil noHHoe
pene, BLINONHEHHOE B BUAE fiByX 3NEKTPOAOB, 3aNARHHbLIX B
HanoNHeHHyI0 HeoHoM Konby. OpnKH U3 INEeKTPoAoB cTapTe-

pa — 6umeTannnueckan nnacTuHa.




SAEeKTpUHecKMe MalnHbl 1 Npubopbl

Mocne TOoro Kak namna BK/IIOYEHA B CE€Tb, MEXAY 3NEKTPO-
[aMu cTapTepa BO3HWUKaeT pa3pag, Harpeeawwuin Gumetannu-
yeckyto nnactuHy. HarpeBasce, oHa usrubaerca u 3amblikaer
BTOpO KOHTaKT. TOK, NpoxoAswWwui no uenwu, HarpesBaeT
3neKTpoabl namnbl A0 Temnepatypsl 800—1000° C. bume-
TaNAMYECKAA MIacTUHA B 3TOT MOMEHT OCTbIBAeT, BbINPAM-
NAETCA, M Luenb pa3MmbiKaetcA. [AnA Toro 4tobbl B MOMEHT
pa3MblKaHMA Uenu MeXAay 3NeKTPoAaMu BO3HUKNA 6onbluas
3AC CaMOWHAYKUUKW, CO3AaI0WAA SNEKTPUYECKUA pa3pag B
napax aproHa v pTyTu, ucnone3yetca gpoccens. Ho npu Bce#
csoei nonb3e gpoccenb noHuwaer KNI namnei. QnAa Toro
4To6bl M36EMaTL ITOro, UCNONL3YIOT KOHAEHCATOP EMKOCTLIO
oT 4 po.8 mk®. Mpu 3tom KN Bo3pacrtaeT Ao 95 %.

Ona noraweHuna nomex B paguoannaparype, BO3HUKaoUnX
B CBA3M C paboToil NIOMUHECUEHTHON Nammbl, B 3NEKTpUYe-
CKYI0 Lenb BKNOYaT (NapannenbHo cTapTepy) KOHAeHCaTop
eMKocTbio 0,06 MK®D. JlloMUHECUEHTHBIE NaMNbl PacCYMTaHbI

Ha HanpsxeHue 220 B mowHoctbio 30, 40, 80 u 125 Br.
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Mposoaa n kabean

INeKTpoTexHu4eckue
N3ARAUS
N MaTepuansl

Mpu MOHMaxe HAPYKHbIX U BHYMPEHHUX NPOBOAOK UCNOLIYIOM

8Ce803MOMHbie nposoda u kabenu, nepedawujue 31eKMPoIHEP2UI0
om ynuyxol 3nekmpocemu K anekmponpubopy. Kpome mozo, 30ecs
Je NDUMeHAEMCA Pa3UYHAA annapamypa, npedHasHadyeHHan 0a

pasHbix yenel,— pacnpedenumensHoie Wumbl, NAKeMHbIE BbIK/IO-

yamenu, a maKkxxe 3awumHsie ﬂpU60pr.

fpoBoAa n kabeaun

NpoBog — 3To ogHa Heu3onupoBaHHas, ogHa unu Gonee
W30NUPOBAHHBIX WA, NOBEPX KOTOPbIX, B 3aBMCMMOCTW OT
VYCNOBUIA NPOKNAAKM N IKCMAyaTauUM, MOXET UMETBCA Heme-
Tannuyeckas 06osouka, 06MOTKA MMM ONAETKA BONOKHUCTBIMK
marepuanamu Uav npoBofoKoii. Mposoaa MOryT 6bITh rONbIMKU
u nsonnposaHHbiMu. Tonsie nposopa (NCO, NC, A, ACn 1. n.)
HE UMEIOT HUKAKUX 3aWMTHLIX UNW M30NUPYIOWMNX NOKPBITUNA
TOKOMPOBOAAWMX XK. X B OCHOBHOM NPUMEHAIOT ANA BO3-
LYWHBIX NUHWIA nexTponepepad. VN301MpPOBaHHBIMU ABAAIOTCA
nposoja, TOKONPOBOAAWME MUMbl KOTOPLIX MNOKPbITHI U30-

nAaunen u3 Pe3nHbl WU nnacTMaccol. Im nposopa uMelT
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IAEKTPOTEXHUHECKUE USABAUSI U MATEPUAaALI

noBepx M30NALUMM ONAETKY M3 XA0NYaToOyMaXKHOW NPAMU
nnu 060N0YKY U3 pe3uHbl, MNAACTMACChl UM MeTaNNU4ecKoi
neuTol. U3onuposaHHbie nposofa NOAPA3AenA0T Ha 3aliu-
UWeHHbIE W He3alWMWweHHbe.

3awmileHHbIMK Ha3biBAIOT U30NMPOBaHHbIE NPOBOAA, UMELo-
wue noBepx SMEeKTPUYECKON u3onauun obonouky, npegHa-
3HaYeHHYIO ANA repMeTv3auuu ¥ 3aluThl OT BHEWHUX BO3-
pevicteuit. K HuM oTHocaTca npoeopa AlPH, MPBA, ANP® u
ap. He3aluuieHHbIM U30NMPOBaHHBIM NPOBOAOM Ha3blBaeTCA
NpoBOA, HE UMEIOWMUI NOBEPX INEKTPUYECKON n3onauuu o06o-
nouxu. 3to nposopa ANPTO, NPR, ANNP, ANAB, NMB w gp.

UHypoM Ha3biBaeTCA NpPOBOA, COCTOAWMA M3 ABYX U Gonee
M30NMPOBaHHBLIX TMOKUX MK 0CO60 rMOKUX KU ceYeHneM Ao
1,5 MMZ, CKPYYEHHbIX UIW YNOMEHHbIX NAPANNeNbHO U NOKPbLITLIX
B 3aBMCUMOCTU OT YCNOBWUI 3IKCNAyaTaluu HemeTannu4eckoi
060104KON UAU APYrMMU 3ALUKUTHLIMU NOKPOBAMMU.

Kabenem Ha3biBaeTCA OfQHA MAMU HECKONBKO CHKPYYEHHbIX
BMECTE W30NMPOBAHHbLIX W/, 3aKNKOYEHHLIX, KaK NpaBuno,
B 06WYyI0 pe3MHOBYIO, NNACTMACCOBYIO, META/UTUYECKYIO 000-
nouky (HPT, KT, ABBI u ap.). O6onouka cnyxuT pns 3awutel
M30NALUM KUN OT BO3AEWCTBMA CBETA, BNAru, pasfiM4HbIX
XUMWYECKNX BelecTs, a Take ANA NpefoxpaHeHus ee oT
MEXaHUYECKUX NOBPEeMIeHUU.

YcTaHOBOYHbIE NPOBOAA NpeAHa3HavYeHbl ANA MOHTAMa Cu-
NOBbIX U OCBETUTENLHBLIX CETEN NPU HENOABUXXHOW NPOKNaaKe
Ha OTKPLITOM BO34yxe W BHYTpU nomeuleHuni. Viarotaenueaior

UX C MEAHBIMK U ANIOMWUHWUEBBLIMU TOKOBEAYLMMU KNUNAMU, OQHO- U




Mpoeoaa v kabeAn

MHOTOMWNbHBIMU, C PE3UHOBOMW U NNACTMACcCOBON Maonﬂweﬁ,
He3aWMILEHHbIMU N 33AINLIEHHBIMU OT NErKUX MEXAHUUYECKUX
nospexgeHnii. ToKONpoBOAAWME HWibl NPOBOAOB UMEIOT
CTaHpapTHble cevenun, mm: 0,35; 0,5; 0,75; 1,0; 1,5, 2,5;
4,0; 6,0; 10,0; 16,0 n 1. A.

B 3aBUCUMMOCTM OT MAPOK CTaHAAPTHbIE CEYEHUA Npo-
BOJOB WMMEKT OnpeaeneHHble 3HavyeHua. Ecnu ceuyenune

nposona HenipecTtHo, TO ero pacC4Y1UTbiBaOT No cnenylouieﬁ

¢opmyne:
S = nr,

raoe S — ceyeHue NpoBoga, MM% T — 4uCHO, paBHoe 3,14;
r — paauyc npoBoAa, MM,

DuameTp npoBonoku TokoBeayLein wunb (6e3 usonauuu)
M3MepAIoT MUKPOMETPOM WM WTaHreHuupkynem. CeyeHue
XM MHOTONPOBOAOYHLIX NPOBOAOB U Kabenen onpepensalT
no CyMMe CeyeHWid BCex NpPOBOOK.

YcTaHOBOYHbIE NPOBOAA C NNAcTMAccoBon uzonauuen AMNB,
NB wu3rotasausaT 6e3 060A0YKU U 3EAWMUTHBLIX NOKPOBOB,
TaK KaK NAacTMaccoBas W30NALUA HEe HYIAAeTCA B 3awute
OT OEeWCTBUMA CBETA, BNAry U yCTOW4MBA K JIETKUM MexaHu-
YECKUM BO3QENCTBUAM.

Ona 3awuTsl NPOBOAOB € Pe3MHOBON U30NALUENH OT Mexa-
HUYECKUX NOBPEMAEHUNA, AEACTBUA CBETA W BNarM NPUMEHAIOT
060104KKN C PaNbLUOBAHHLIM WBOM M3 ANIOMUHUEBOIO CNnasa
AML, vnu natyuu (ANP®, NP®, NMP®n) nan obonoukn us
[IBX-nnactukara (MPBA v ap.).
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IASKTPOTEXHUHECKNE N3AAU N MaTepuanbl

W3onauua NpoBOAOB paccyuTaHa Ha onpepeneHHoe paboyee
HanpsXeHue, NpU KOTOPOM UX MOXHO AnuTensHo u Hesonac-
HO 3Kcnayatuposatb. floatomy npu Bblbope Mapku nposoaa
cnepyeT yyuTbiBaTh, 4TO paboyee HanpsAxeHue, Ha KoTopoe
paccyuTaHa M30MALUMA NPOBOAA, AOMKHO 6GbiTb Gonble uau
pPaBHO HOMWUHANBLHOMY CTaHAAPTHOMY 3HAYEHWIO HANPAXEHUA
nutalowen snektpocetu 380, 220, 127, 42, 12 B.

YcTaHoBOYHbIE NPOBOAA AOJKHLI COOTBETCTBOBATH NOA-
Kl0o4aeMon Harpyske. [lna OQHOM U TOWM e MapKu U OAHOro
M TOro Xe CeyeHWa NpoBOAA AONYCKAKTCA Pai3NuUyHbie No
BEeIMUMHE HArpy3KMu, KOTOpble 3aBUCAT OT YCNOBWIA npo-
knagkn. Hanpumep, nposoga nau kabenu, NPoNnoOMeHHblE
OTKPLITO, flyHie OXNAMAAIOTCA, YEM NPONOMEHHbIE B Tpy6ax
MU CKPLITO NoA WTykatypkow. Nposoaa ¢ pe3nHoBon U30-
NAUMen AONYCKAT ANUTENbHYI TemnepaTypy HarpeBa Mx
wun, He npessiwarnwyo 65°C, a nposoaa ¢ NNacTMaccoBon
m3onauyuein — 70 °C.

MpoBoaa MapkupytoT BykBamu, nocse KoTopbix uudpamu 3a-
MUCBIBAIOT YUCNO M NAOWAAL CEYEHUA TOKONPOBOAALLNX HUA.
Mpu 0603HaYeHUU NPoBOAA NPUHATA CheaylOWan CTPYKTypa.
B ueHTpe craeutca byksa N, ob6o3Havalowan nposof, Mau
NN — nnockuit pByx- unu TpexxunebHbiA nposop. [epep
6yksamu M uau NN moweT cToaTh OykBa A, 0603HavaWas,
4TO NMPOBOJ W3TOTOBNEH U3 aNOMUHUEBLIX TOKOMPOBOAA LUX
wun; ecnn 6ykeBbl A HET, TO TOKOMPOBOAALWME XWUAbl U3-

rotosneHsbl U3 mMean.




MpoBoAa v Kabean ‘!'

Bcnep 3a 6ykeoi N uaun NN crout 6yKkBa, xapakTepuayto-
Wwan marepuan, 3 KOTOPOro BbINONHEHA U3CAAUUA NPOBORA:
P — pe3udoBan, B — nonusununxnopmuaHas u N — no-
nustuneHosan usonauua (AMNPP, NNB u pgp.). Pe3suHosas
M30NALMA NPOBOAA MOMXeT 6biTh 3aluleHa pPa3fIMYyHbIMKU
obonoykamn: B — u3 MBX nnactmkara, H — Heroptoyan
xnopnpeHoeas obonouka (Hahput). bykesl B n H crasar
nocne 6yke matepuana uionauuu nposoaa — AMNPH, NPUY,
npPBA.

Ecnu nposopg nmeer onneTky U3 xn1onyatobyMaxxHOM NPAXKK,
NOKPHLITOW Nakom, To 310 obosHavaerca 6yksoii Jl, a ecnu
NpAXa NponNUTaHa NPOTUBOrHWNOCTHLIM COCTaBOM, TO ByKBa B
Mapke nposofa onyckaetca. byksy J1 cTaBAT Ha nocnegHeMm
mecTe B 0603HaYeHUMM MapKU NpoBOAA.

[posoaa, nMelowme rubkMe TOKOBeAyWME XUNbI, UMEIOT B
MapkupoBKe 6ykBy [, KOTOpas CTaBuTCA Nocie pe3nHoBON —
P unv nepeg noauBuHunxnopuaHot — B usonauymen (MNPIU
v ap.). 0aHO- W MHOTOXUNbHbIE NPOBOAA, NPeAHa3HaYeHHbIe
QNA NpOKIafKU B CTanbHbiX Tpybax W uMelolwme onnetky,
MPOMUTAHHYIO NPOTUBOTHWIOCTHBIM COCTABOM, UMEIOT B KOHUE
mapku 6ywsst TO (ANPTO, NPTO).

MonuenHUnxnopuaHaa o6ono4yka NPOBOAOB C Pe3UHOBOM
n3onauMen BLINONHAGTCA MacnocTonkoMn. MNnockue nposopa
B pa3fenuTen-HoM OCHOBAHWKM MOTyT MMeTb nepdopauuio
WWUPUHOW OTBEpPCTMA A0 4 MM U gnuHon po 20 mm. Pac-

CTOAHUE Mexay Kpasmu oTeepcTuit — Ao 15 mm. [posopa
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IAeKTPOTEXHUHECKUE NIALAVSI U MaTepraAnbl

MOTYT WMMeTb MEeTKW, C NOMOULbI0 KOTOPbIX NPW MOHTaMe
nerye pasnuuatb Xunbl.

Ona ycTpoicTea TpoCOBLIX NPOBOAOK BHYTPU NOMELLEHUNA U
CHapyXMu, YCTPOUCTBA OTBETBAEHUA OT BO3AYIIHLIX NUHUA B
Munble fOMa U NOCTPONKM BINYCKAIOTCA CNeuuanbHble NpoBo-
43, UMeloLure HeCyWniin CTanbHON TPOC, KOTOPLI pacnonoXeH
BHYTPU NPOBOAA, MeXAY €ero W30NUPOBAHHBIMW UAAMU.
TpocoBsble NpoBoAa BLINYCKAWTCA 2-, 3- U 4-UNbLHBIMU WY
UMEIOT PE3VHOBYI0 U3ONALMID UNU U3ONALUID U3 NONUBMK-
HUNXNOPUAHOIO NnacTukara. ToKonpoeBoAAWMe Wbl NPO-
Boga ABT umeioT U30NALMIO YEPHOTO, CUHEFO, KOPUYHEBOIO
W APYrMX UBETOB. YCTaHOBOYHbIE NPOBOAA NMPEAHA3HAYeHbl
AN 3KCNNyatauuu npu TeMNepatype OKpykaiowen cpeps
oT —40 po + 50 °C u oTHOCUTENbHOW BNAMHOCTM 95 + 3 %
(npu Ttemneparype + 20°C).

Cunosbie Kabenu, Tak e KaK U NPOBOAA, MAPKUPYIOT OyK-
BaMu, nocne KOTopbix uudpamu 3anncbiBaloT YUCNO U NNO-
Wwanb Ce4eHUA TOKONPOBOAAWMX WuN. [INs 3neKTpONpoOBOAOK
MOXHO UCMONbL30OBATb CUNOBbie He6poHUpoBaHHbIe Kabenu
C pPe3MHOBOW W NAACTMACCOBON W3onauueir. [na 3awmTol
U3ONALUMU XUA OT CBETa, BAaru, XMMUYECKUX BelecTs, a
TaKMe MexaHU4YeCKUX noBpemAeHUi Kabenu nNOKpbLIBAKT
o6onoykamu U3 pas’nuuyHbiXx MaTepuanoB. MeTannuuveckue
060M04KN U3 CBUHUA, AaNIOMUHUA W CTANW He ABNAIOTCA
3aWMTHBIM NOKPOBOM Kabenei (6poHbio). Mpu usonauum

Ka6EHEVI, NU3roTOBMEHHBIX W3 BHAAroHenpoHuuaemblix mate-




Npoeoaa u kabenn

puanoB (ANacTMaccbl U pe3uHbl), BMECTO MeTaN/IM4yeCcKoW
000N0YKN MOXKET WCNOoNb30BaThbCA MNACTMACCOBAA UM
pe3uHoBas obonouyka.

Kabenu c pe3uHoBOW M30NALMEN WUMEIOT MAPKUPOBKY
ACPTI, CPI, BPI, ABPT, AHPI, HPI'; ¢ nnactmaccoBsoit n3o-
nauve — ABBT, BBI, AMNBI, MBI, ANcBf, NcBl, AMeBT,
MeBI.

Nepsan Oykea B o6o3HayeHuu mapok kabenei, 3a uc-
KniodYeHvem OykBbl A, onpegenser marepuan: B — MBX
nnactuxkar, N — nonuatunen, Mc — camo3atyxaowmnin
nonuatuneH, B — BYNKAHN3IUPYIOWMACA NONUITUNEH,
H — waipurosnmiti, C — csuHUOBLIA. BTopas 6yksa
onpepensetr marepuan usonauuu B — TIBX nnactukar,
P — pe3uHoBan. Tpetba 6ykBa I o603Hauvaer, urto kabenb
HeBpoHUpPOBaHHbINA.

Cunosble kabenu yKazaHHbIX MapoK NpegHa3HAYEHB!
ANA 3IKCNAyaTauuu B8 CTAaUMOHAPHOM COCTOAHWMW NpU
Temnepatype oKpysatouei cpeabl ot —50 po + 50 °C ¢
OTHOCUTEsIbHOW BNAMHOCTHLIO BO3Ayxa A0 98 %. Kabenu
paccuuTaHbl Ha [AUTENbHO AONYCTUMYIO TeMmnepaTtypy Mux
wun po 70°C.

Kabenu mapok AHPT u HPT umeioT pe3auHOBYIO HETOPIOUYYIO
060n0uKy. ONA NOAKNIOYEHUA NEPEHOCHLIX AMN, NEPeABUXK-
HbIX 3NEKTPUPUUNPOBAHHBIX MALWUH U NEPEHOCHBIX INEKTPO-
NpuMOOpOB K CeTM npuMeHaloT rubkue kabenn c pe3nHoBOWN
uzonaumenn Tuna K, KMH, KNI, KNTCH w» gp.




IAEKTPOTEXHUHECKNE N3ARAUA U MaTEepUanbl

Han6onee pacnpocTpaHeHHbie MapKH NPOBOAOB

MAP-
KA

CEYEHME,
MM?

Yyucno
Xun

XAPAKTEPUCTUKA

AMB

2,5-120

1

MpoBog ¢ aniOMUHUEBOW HUNOW U No-
NUBWHUAXNOPUAHOR UIONALNEH.

ANNB8

2,5-6

2;3

MpoBoA C aNOMUHMEBLIMU JUNAMK,
NONUBUHUNXNOPUAHOI U3ONALMEN,
NNOCKUH, C pa3fgenuTenbHLIM OCHOBA-
HUeM.

ANNp

2,5-10

2:3:4

MpoBoa € antoMUHUEBOW XUNOW, He
pacnpocTpaHaowWei ropeHne pesu-
HOBOM W30NALMEHA U pa3fennuTeNbHbIM
OCHOBAaHMEM.

ANP

2,5-120

lpoeoaa c anlOMUHNEBOV HUNOW,
Pe3UHOBOW M30NALMEN, B ONNETKE 13
X110N4aToBYMaMHOM TKAHK, NPONUTAH-
HOW NPOTUBOTHUNOCTHLIM COCTABOM.

ANPH

2,5-120

MNpoBoaa ¢ anioMMHNEBOR U0 U
pe3uHOBOW n3onaumnei, ob